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EXECUTIVE  SUMMARY 


Problems  and  Objectives:  The  L'.S.  Army  Methanol-Fueled  Administrative  Vehicle 
Demonstration  Program  was  conducted  as  the  result  of  a  request  by  Vice  President  Bush 
to  Secretary  Weinberger  and  legislative  directives  contained  in  FY85  Department  of 
Energy  Authorization  bill,  Section  202,  PL  98-525.  The  purpose  of  the  demonstration 
program  was  to  establish  the  feasibility  of  using  methanol  as  an  alternative  fuel  for 
administrative-type  vehicles.  The  phase  of  the  program  discussed  in  this  report  was 
concerned  with  the  evaluation  of  various  lubricant  formulations  for  potential  engine  oils 
that  would  provide  more  wear  ana/or  corrosion  protection  needed  for  engines  operating 
on  MS5  methanol  fuel  than  is  currently  afforded  by  existing  MIL-L-46152  oils. 

Importance  of  Project:  The  use  of  methanol  fuel  in  engines  designed  for  gasoline  results 
in  increased  wear  and  corrosion  to  vital  engine  parts.  One  method  of  decreasing  this 
wear  ana  corrosion  is  the  use  of  a  lubricant  formulated  to  offset  the  deleterious  actions 
of  the  fuel.  This  program  evaluatec  several  possible  lubricants  to  determine  the  best 
lubricant  to  use  in  any  future  Government  programs  related  to  MS5  methanol-fueled 
engines. 

Technical  Approach:  A  number  of  organizations  were  invited  to  submit  oils  that  they 
believed  would  provide  the  added  protection  required  for  M85-fueied  engines.  As  a 
resuit  of  the  requests,  six  oils  were  evaluated  in  an  initial  test  series  using  modified 
AST.M  V-D  cyclic  test  conditions.  The  three  best  oils  were  determined,  based  upon  wear 
metal  debris  in  the  used  oil  samples.  A  second  test  series  was  conducted  on  these  three 
selected  oils  using  steady-state/cold  test  conditions.  Under  these  conditions,  test 
variables  such  as  decline  in  engine  response  and  other  factors  can  increase  the  difficulty 
in  differentiating  among  test  results.  Therefore,  "bracketing"  the  test  runs  with 
reference  runs  was  performed  in  both  test  matrices.  This  bracketing  procedure  allows 
for  normalization  of  the  test  results  to  a  common  baseline. 

Accomplishments:  Based  upon  the  data  obtained  in  this  phase  of  the  Army  Methanol- 
Fueled  Administrative  Vehicle  Demonstration  Program,  three  lubricants  were  recom¬ 
mended  for  use  in  administrative-type  methanol-fueled  vehicle  engines.  These  three 
lubricants  provided  the  same  order  of  protection  from  wear  and  corrosion  in  the  steady- 
state/cold  test  conditions  as  they  provided  using  the  cyclic  test  conditions. 

Military  Impact:  In  the  event  of  a  gasoline  shortage,  an  alternative  fuel  must  be  utilized 
by  the  military's  fleet  of  spark-ignition  engine  vehicles.  The  most  likely  candidate  to 
stretch  out  the  gasoline  supply  is  a  methanol/gasoiine  blend.  However,  the  use  of  this 
blend,  M85,  may  result  in  increased  wear,  corrosion,  and  other  maintenance  problems  for 
the  military's  administrative  vehicles.  To  help  offset  these  maintenance  problems, 
r?e,jItinE  in  increased  downtime  and  logistics  burden,  a  specially  formulated  lubricant 
may  be  used  in  the  vehicles.  The  most  likely  candidates  were  evaluated,  and 
recommendations  were  made  as  to  the  three  best  methanol-resistant  lubricants  to  use  in 
any  future  Government  programs  related  to  M85  methanoi-f ueied  engines. 


sn 


FOREWORD 


This  work  was  conducted  at  the  Belvoir  Fuels  and  Lubricants  Research  Facility  (BFLRF) 
located  at  Southwest  Research  Institute  (SwRI),  San  Antonio,  TX  under  Contract  Nos. 
DAAK70-85-C-0007  and  DAAK70-87-C-0043  during  the  period  3uly  1985  through  Novem¬ 
ber  1988.  The  work  was  funded  by  the  U.S.  Army  Belvoir  Research,  Development  and 
Engineering  Center  (Belvoir  RDE  Center),  Ft.  Belvoir,  VA,  with  Messrs.  F.W.  Schaekel 
and  T.C.  Bowen  (STRBE-VF),  as  the  contracting  officer's  representatives  and  Mr.  M.E. 
LePera,  chief  of  Fuels  and  Lubricants  Division  (STRBE-VF),  as  the  project  technical 
monitor. 


iv 


TABLE  OF  CONTENTS 


Section  Page 

I.  INTRODUCTION  AND  BACKGROUND  .  I 

II.  PROGRAM  OBJECTIVE .  i 

III.  EXPERIMENTAL  APPROACH .  I 

A.  Test  Engine  .  2 

B.  Test  Fuel  .  3 

C.  Test  Procedures  .  4 

D.  Candidate  Oils .  5 

IV.  DISCUSSION  OF  RESULTS .  6 

A.  V-D  Cyclic  Test  Conditions .  6 

B.  Steady-State/Cold  Test  Conditions .  S 

V.  CONCLUSIONS .  10 

VI.  RECOMMENDATIONS .  12 

APPENDICES 

A.  Individual  Summary  Data  Sheets  for  Each  Test  Conducted  Using  the 

Modified  V-D  (Cyclic)  Test  Conditions  * .  13 

B.  Individual  Summary  Data  Sheets  for  Each  Test  Conducted  Using  the 

Steady-State  (Cold)  Test  Conditions) .  69 


LIST  OF  ILLUSTRATIONS 

Figure  Page 

1  White  Emulsion-Type  Sludge  in  Valve  Cover  Before  and  After 

Flush  for  Test  No.  20 .  11 

LIST  OF  TABLES 

Table  Page 


1  V-D  Cyclic  Test  Conditions  -  24  Hours .  4 

2  Steady-State/Cold  Test  Conditions  -  24  Hours .  4 

3  Analysis  of  Test  Oils  . 5 

4  Summary  of  the  Total  Net  Used  Oil  Wear  Metal  Data  for  Each  Test 

Conducted  in  Test  Matrix  1  . . .  7 

5  Average  Normalized  Percent  of  Reference  Oil .  7 

6  Summary  of  the  Total  Net  Used  Oil  Wear  Metal  Data  for  Each  Test 

Conducted  in  Test  Matrix  2 .  8 

7  Average  Normalized  Percent  of  Reference  Oil .  ? 

8  Sludge  Ratings .  10 


V  1 


I.  INTRODUCTION  AND  BACKGROUND 


The  L'.S.  Army  Methanol-Fueled  Administrative  Vehicle  Demonstration  Program  was 
conducted  as  the  result  of  a  request  by  Vice  President  Bush  to  Secretary  Weinberger  and 
legislative  directives  contained  in  FY35  DOE  Authorization  bill,  Section  202,  PL  98-525. 
The  purpose  of  the  demonstration  program  was  to  establish  the  feasibility  of  using 
methanol  as  an  alternative  fuel  for  administrative-type  vehicles. 

One  phase  of  this  program  was  concerned  with  the  evaluation  of  various  lubricant 
formulations  for  potential  engine  oils  that  would  provide  more  wear  and/or  corrosion 
protection  needed  for  engines  operating  on  M85  methanol  fuel  than  is  currently  afforded 
by  existing  MIL-L-46152  oils. 


II.  PROGRAM  OBJECTIVE 

The  resuits  from  this  phase  of  the  program  will  be  used  to  recommend  an  oil(s)  that 
appears  to  be  the  most  suitable  for  inclusion  in  any  future  Government  programs  related 
to  M 85  methanol-fueied  engines. 


III.  EXPERIMENTAL  APPROACH 

A  letter  was  distributed  in  mid-1985  to  twelve  organizations  known  to  have  a  "methanol 
lubricant,"  or  that  had  shown  earlier  interests  in  developing  a  suitable  formulation.  The 
organizations  were  invited  to  submit  an  oil(s)  that  they  believed  would  provide  the  added 
protection  required  for  MS5-fueied  engines.  A  total  of  five  special  lubricants  were 
submitted  by  the  invited  organizations.  In  addition,  one  fully  formulated  oil  for  use  in 
gasoline-fueled  vehicles  was  selected  by  Belvoir  Fuels  and  Lubricants  Research  Facility 
(BFLRF)  at  Southwest  Research  Institute  (SwRI)  and  was  included  in  the  program.  The 
six  oils  were  evaluated  in  an  initial  test  series  using  modified  ASTM  V-D  cyclic  test 
conditions.  The  three  best  oils  were  determined,  based  upon  wear  metal  debris  in  the 
used  oil  samples.  A  second  test  series  was  conducted  on  these  selected  oils  using  steady- 
state/cold  test  conditions. 


A.  Test  Engine 

A  new  Ford  2.3L,  four-cylinder  overhead  cam  engine  was  used  for  each  test  matrix.  The 
engines  were  built  according  to  ASTM  Sequence  V-D  specifications  except  that  ring  gaps 
were  adjusted  for  this  methanol  application  and  a  modified  electroless  nickel-plated 
carburetor  is  used.  Piston  rings  from  an  ASTM  Sequence  V-D  parts  kit  were  used  (top 
ring,  molybdenum  and  second  ring,  cast  iron). 

1 .  Engine  Test  Stand  Configuration 

The  test  engine  was  mounted  on  an  SwRI  test  stand  that  was  configureo  to  conduct 
Sequence  V-D  tests.  The  exceptions  to  the  standard  Sequence  V-D  procedure  were  as 
follows: 

•  An  oil  filter  was  installed  for  ail  test  work. 

•  A  special  oil  changing  and  flushing  system  was  used  for  this  technique. 

Basically,  it  is  a  system  that  can  efficiently  change  the  oil  consistently  and 
save  much  time.  This  system  is  described  in  more  detail  in  the  next 
subsection , 

•  A  carburetor  was  specially  modified  to  accommodate  the  methanol  fuel. 

These  modifications  included  main  jet  and  air  bieed  changes  to  provide  near 
stoichiometric  air/fuel  ratios. 

•  The  engine  test  stand  w'as  plumbed  to  both  methanol  and  Phillips  "3  fuel  with 
provisions  for  quick  changeovers. 

2.  Oil  Flush/Changes  (Flying  Flush) 

A  special  oil  changing  and  flushing  procedure  that  has  proven  to  be  effective  and 
consistent  was  used  in  this  program.  The  system  provides  for  performing  oil 

changes/flushes  with  the  engine  running.  A  special  detergent  oil,  SwRI  oil  code  LO- 

12119,  was  used  as  a  part  of  each  test  to  remove  effects  of  previous  oils.  Details  of  the 
flushing  technique  are  included  in  the  foilowing  listing: 
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Time , 
hr:min 

0:00  •  Shut  engine  down 

•  Determine  oil  level 

•  Change  to  "0"  carburetor 

•  Change  to  "3"  fuel 

•  Purge  fuel  line 

•  Change  fuel  filter 

•  Change  oil  filter 

0:30  •  Start  engine 

•  Flush  three  times  with  flush  oil 

•  After  the  third  flush,  run  engine  under  Sequence  V-D 
Stage  il  test  conditions 

2:00  •  Shut  engine  down 

•  Change  to  methanol  carburetor 

•  Change  to  methanol  fuel 

•  Purge  iuei  line 

•  Change  fuel  filter 

•  Remove  oil  filter 

•  Install  oil  filter  cap 

2:30  •  Start  engine 

•  Flush  three  times  with  candidate  oil 

2:50  •  Shut  engine  down 

•  Remove  oil  filter  cap 

•  Install  new  oil  filter  filled  with  candidate  oil 

2:55  •  Start  engine 

3:00  •  Start  test 


B.  Test  Fuel 


The  test  fuel  was  commercial  grade,  200  proof  methanol  plus  15  vol%  Phillips  "J" 
gasoline  (Batch  28).  Water,  chlorine,  and  sodium  content  of  the  fuel  were  determined. 
SwRI  methanol  code  AIS-22  was  used.  The  analysis  results  are  shown  in  the  following 
listing: 

AIS-SwRI-M-D-04-03-84  Sample  A:  0.047  wt%  H 20 

Sample  B:  0.078  wt%  H2O 
Sample  C:  0.059  wt%  H2O 


Action 
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AIS-SwRI-\l-04-2S-S7 


Sample  A:  0.053  wt%  H2O 
Sample  B:  0.044  wt%  H2O 


Methanols  were  mixed,  blended  with  Phillips  ”5"  fuel,  and  placed  into  a  holding  tank. 
Composite  samples  were  tested  for  sodium  and  chlorine,  with  the  following  results: 


Sample 

05-14-37 

06-10-S7 


Sodium,  ppm 

-3 


Chlorine,  wt% 

0.005 

0.017 


C.  Test  Procecures 

After  reviewing  the  literature  -tic  the  candidate  oil  test  data  provided  by  the  suppliers 
of  the  cancidate  oils,  it  was  apparent  that  two  general  types  of  laboratory  engine  wear 
screener  test  procecures  (cyclic  ana  steady  state)  have  been  usea  for  oil  evaluations  as 
shown  in  TABLES  1  ana  2. 


TABLE  1.  V-D  Cyclic  Test  Conditions  -  24  Hours 


Stage 

Rpm 

Bhp 

Oil  Temp, 

°F  (°C) 

Coolant  Temp, 

°F  (°C) 

Time,  minutes 
per  cvcle 

I 

2500 

33.5 

175  (79) 

135  (57) 

120 

11 

2500 

33.5 

137  (36) 

155  (63) 

~5 

III 

15  00 

1  .  J 

120  (49) 

120 (49) 

v5 

TABLE  2.  Steady-State/Cold  Test  Conditions  -  24  Hours 


Rpm 


Bhp 


Oil  Temp,  Coolant  Temp, 

°F  (°C)  °F  (°C) 


2500  33.5  125(52) 


115  (46) 


Two  test  matrices  were  conducted.  The  first  test  matrix  usea  the  cyclic  test  conditions 
given  in  TABLE  1  and  included  all  six  test  oils  involved  in  the  program.  The  second  test 


matrix,  using  the  steady-state/cold  test  conditions  given  in  TABLE  2,  was  conducted 
using  the  three  best  oils  as  determined  from  the  first  test  matrix.  Since  test  variables 
such  as  decline  in  engine  response  and  other  factors  can  increase  the  difficulty  in 
differentiating  among  test  results,  "bracketing"  test  runs  with  reference  runs  (using  one 
of  the  candidate  oils  as  the  reference  oil)  was  included  in  both  test  matrices.  This 
bracketing  procedure  allows  for  normalization  of  the  test  results  to  a  common  baseline. 

D.  Candidate  Oils 

The  following  six  candidate  oils  were  received  for  evaluation  in  this  program.  Analysis 
results  of  the  lubricants  are  snow,,  in  TABLE  3. 


TABLE  3.  Analysis  of  Test  Oils 


3FLRF 

Oil  Code 

Viscosity  at 
40°C,  cSt, 

D  445 

Viscosity  at 
100°C,  cSt, 
D  445 

VI, 

D  2270 

TAN, 

D  664 

TBN, 

D  664 

AL  -  1 4965  -L 

136.6 

14.0 

100 

2.68 

10.5 

AL  -  1  4966 -L 

137.S 

14.2 

100 

2.86 

10.4 

AL-  1  5427-L 

72.0 

11.1 

145 

3.42 

7.4 

AL-15610-L 

118.2 

14.1 

119 

3.49 

6 . 6 

AL-16155-L 

32.7* 

10.4 

104 

2.49 

15.0 

A  L  -  1 6 1  5  6  -  L 

7S.3 

10.0 

107 

2.45 

14.5 

*  This  candidate  oil  was  used  as  the  baseline  "reference"  oil  in  Test  Matrices 
1  and  2  to  facilitate  normalization  of  the  test  results.  SwRI  oil  code  LO- 
12119  was  used  as  the  flush  oil  for  all  tests. 


For  each  test,  a  new  oil  sample  as  well  as  used  oil  samples  were  taken  after  each  S-,  16-, 
20-,  and  24-hr  operating  period.  Samples  were  analyzed  for  the  following  metals  by 
Inductively  Coupled  Plasma  (1CP)  analyses: 

•  Iron  (Fe) 

•  Chromium  (Cr) 

•  Aluminum  (Al) 

•  Copper  (Cu) 


•  Tin  (Sn) 

•  Lead (Pb) 

•  Silicon  (Si) 

•  Molybdenum  (Mo) 

The  wear  data  from  the  intermediate  samples  taken  after  16-,  1S-,  and  20-hr  operating 
periods  were  reviewed  to  ensure  that  no  catastrophic  wear  was  occurring  during  each 
test.  Data  from  the  24-hr  sample  were  used  to  determine  the  total  net  wear  obtained 
for  each  test. 


IV.  DISCUSSION  OF  RESULTS 

A.  V-D  C.clic  Test  Conaitions 

TABLE  v  presents  a  summary  of  the  wear  metal  data  obtained  for  the  Test  Matrix  1 
using  the  modified  V-D  cyclic  test  conditions.  All  six  candidate  oils  were  included  in 
Test  Matrix  1.  Individual  operational  summary  data  sheets  and  metal  determinations 
from  the  used  oil  samples  for  each  test  in  Test  Matrix  1  are  included  in  Appendix  A. 
The  total  net  used  oil  wear  metal  data  for  each  are  summarized  in  TABLE  4.  The  net 
used  oil  wear  metal  data  used  in  this  report  are  the  sums  of  the  24-hr  sample  wear 
metals  in  ppm  less  the  sums  of  the  new  sample  wear  metals  for  each  individual  test. 
TABLE  4  also  presents  the  normalized  reference  oil  comparison  data  and  the  normalized 
percent  of  reference  oil  for  each  test. 

Even  though  silicon  was  included  in  each  of  the  individual  used  oil  analyses,  it  was  not 
included  in  the  comparisons  of  new  and  used  oil  samples.  The  silicon  appears  to  be  part 
of  an  additive  package  for  two  of  the  candidate  lubricants  and,  therefore,  was  not 
considered  as  a  wear  metal  element.  The  remaining  seven  wear  metals  were  included  in 
the  wear  metal  comparisons  presented  in  TABLE  4. 

The  average  normalized  percents  of  reference  oil  were  calculated  for  the  six  candidate 
oils  and  are  presented  in  TABLE  5  in  the  order  of  protection  from  wear  and  corrosion 
provided  by  the  six  individual  oils.  Oil  AL-15427-L  generated  the  least  amount  of  net 
total  wear  metals,  thereby  providing  the  best  protection  against  wear  and  corrosion  when 
evaluated  using  the  V-D  cyclic  test  conditions  for  24  hours.  The  reference  oil,  AL- 
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TABLE  4.  Summary  of  the  Total  Net  Used  Oil  Wear  Metal  Data  for 
Each  Test  Conducted  in  Test  Matrix  1* 

(Cyclic  Test  Conditions) 


Test 

Sequence 

No. 

BFLRF 

Oil  Code 

1  (a) 

AL-16155-L 

2 

AL-16155-L<b) 

AL-14965-L 

4 

AL-1 5427-L 

5 

AL-16155-L<b) 

6 

AL-16156-L 

7 

AL-15610-L 

8 

AL-14965-L 

9 

AL-16155-lJb) 

10 

AL-1 5427-L 

1  1 

AL-15610-L 

12 

AL-16156-L 

13 

AL-16155-L(b) 

14 

AL-14965-L 

15 

AL-1 561 0-L 

16 

AL-14966-L 

17 

AL-16155-L(b) 

18 

AL-14966-L 

Total  Net, 
Wear  Metal, 
ppm 

Reference 

Comparisor 

19 

116 

116.0 

134 

116.3 

107 

116.6 

117 

117.0 

150 

115.8 

144 

114.5 

253 

113.2 

112 

112.0 

82 

100.5 

98 

S9.0 

104 

77.5 

66 

66.0 

165 

63.0 

82 

60.0 

98 

57.0 

54 

54.0 

63 

51.0 

Oil  Normalized  Percent 
Data  of  Reference  Oil 


100.0 

115.2 

91.8 

100.0 

129.5 

125.8 

223.5 

100.0 

S 1 .6 
110.1 

134.2 

100.0 

261.9 
136.7 

171.9 

100.0 

123.5 


*  Total  net  wear  metal  equals  24-hr  sample  total  data  less  new  sample  total  data. 

Test  conducted  using  Phillips  "3"  unleaded  gasoline.  All  other  tests  conducted  using 
M85  methanol  fuel. 

(k)  Reference  oil  test. 


TABLE  5.  Average  Normalized  Percent  of  Reference  Oil 

(Cyclic 

T est  Conditions) 

Average  Normalized 

BFLRF 

Percent  of 

Oil  Code 

Reference  Oil 

AL-1 5427-L 

86.7 

AL-161 55-L 

1 00.0* 

AL-1 5610-L 

124.2 

AL-1 61 56-L 

131. S 

AL-1 4966-L 

147.7 

AL-1 4965-L 

200.2 

*  Reference  oil  for  ail  tests. 

16155-L,  provided  the  next  best  protection  under  the  V-D  cyclic  test  conditions,  with  oil 
AL-i4965-L  providing  the  least  protection  of  the  six  candidate  oils  included  in  the 
program. 


It  should  be  mentioned  that  approximately  SI. 2  percent  of  the  total  net  wear  metals  for 
the  17  tests  using  M85  fuel  was  generated  from  iron,  and  approximately  6.7  percent  was 
observed  for  molybdenum.  Chromium  accounted  for  only  1.4  percent  of  the  wear  metals 
noted  with  aluminum,  copper,  tin,  and  lead  all  being  approximately  2.6  percent  each. 

B.  Steady-State/Cold  Test  Conditions 

Evaluation  of  the  three  best  lubricants  as  determined  using  the  V-D  cyclic  test 
conditions  was  then  continued  using  steadv-state/coid  test  conditions.  Test  oils  AL- 
15427 -L.  AL-16155-L  (reference  oil  for  ail  tests  in  Test  Matrices  1  and  2),  and  AL- 
1561 0-L  were  evaluated  in  Test  Matrix  2  (steady-state/cold  test  conditions).  TABLE  6 
presents  a  summary  of  the  total  net  used  oil  wear  data  obtained  for  Test  Matrix  2. 
Individual  summary  operational  data  sheets  and  element  determinations  for  oil  samples 
for  each  test  in  '’'est  Matrix  2  are  included  in  Appendix  B.  As  in  the  wear  summaries  of 
Test  Matrix  1,  silicon  was  not  included  in  the  comparisons  of  the  new  and  used  oil 
samples  taken  in  Test  Matrix  2. 


TABLE  6.  Summary  of  the  Total  Net  Used  Oil  Wear  Metal  Data  for 
Each  Test  Conducted  in  Test  Matrix  2* 

(Steady-State/Coid  Test  Conditions) 


Test 

Sequence 

No. 

BFLRF 

Oil  Code 

Total  Net, 
Wear  Metal, 
ppm 

Reference  Oil 
Comparison  Data 

Normalized  Percent 
of  Reference  Oil 

19(a) 

AL-16155-L 

35 

20 

AL-16155-L<b) 

341 

341.0 

100.0 

21 

AL-15427-L 

264 

290.3 

90.9 

22 

AL-1 5610-L 

209 

239.7 

87.2 

23 

AL-16155-L<b) 

189 

189.0 

100.0 

24 

AL-15427-L 

167 

182.4 

91.6 

25 

AL-i  5610-L 

240 

175.7 

136.6 

26 

AL-16155-L(b> 

169 

169.0 

100.0 

*  Total  net  wear  metal  equals  24-hr  sample  total  data  less  new  sample  total  data. 


(a)  Test  conducted  using  Phillips  "J"  unleaded  gasoline.  All  other  tests  conducted  using 
M85  methanol  fuel. 

(b)  Reference  oil  test. 
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The  average  normalized  percents  of  reference  oil  were  calculated  for  the  three 
candidate  oils  and  are  presented  in  TABLE  7  in  the  order  of  protection  from  wear  and 
corrosion  provided  by  the  three  remaining  candidate  oils.  It  will  be  noted  that  these 
three  candidate  oils  provided  the  same  order  of  protection  from  wear  and  corrosion  in 
the  steady-state/cold  test  conditions  as  they  provided  using  the  cyclic  test  conditions. 


TABLE  7.  Average  Normalized  Percent  of  Reference  Oil 

(Steady-State/Cold  Test  Conditions) 


Average  Normalized 
BFLRF  Percent  of 

Oil  Code  Reference  Oil 


AL-15427-L 
AL-16155-L 
AL-1 5610-1. 


91.3 

100.0* 

111.9 


*  Reference  oil  for  ail  tests. 


It  should  be  noted  that  in  all  tests  conducted  in  Sequence  2  except  No.  19  (which  was  run 
on  Phillips  "3"  gasoline),  a  "white  emulsion"  type  sludge  formed  on  the  rocker  arm  cover 
and  cam  baffle.  This  type  sludge  was  reported  by  S.E.  Schwartz*,  et  al.,  in  an  earlier 
program,  and  was  determined  to  be  composed  of  methanol,  water,  and  engine  oil.  This 
same  emulsion  would  also  clog  the  blowby  condenser,  causing  an  increase  in  crankcase 
pressure.  The  operator  had  to  use  compressed  air  to  "blow-down"  the  passages  in  the 
condenser.  All  oils  exhibited  this  same  tendency.  Incidences  of  "blow-down"  varied 
somewhat,  but  were  not  significantly  different  from  test-to-test.  After  each  test  and 
prior  to  the  initial  flush,  the  rocker  arm  cover  and  valve  deck  were  rated  for  sludge. 
This  sludge  was  then  physically  removed  prior  to  the  flush.  Sludge  ratings  are  presented 
in  TABLE  3. 

The  valve  deck  was  practically  clean  when  compared  with  the  area  between  the  rocker 
arm  cover  and  the  baffle  for  all  three  oils  tested.  The  average  sludge  rating  for  the 
rocker  arm  cover  and  baffle  varied  from  7.39  for  the  cleanest  oil  tested  (AL-15610-L)  to 

*  Schwartz,  Shirley  E.,  Smolenski,  Donald  3.,  and  Clark,  Sidney  L.,  "Entry  and  Retention 
of  Methanol  Fuel  in  Engine  Oil,"  SAE  Technical  Paper  Series  SS0040,  February  29, 
1938. 
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TABLE  8.  Sludge  Ratings 


Test  No. 
Sequence  2 

BFLRF 

Oil  Code 

Average  Sludge 
Rocker  Arm 
Cover  &  Baffle 

(10  =  Clean) 
Valve 
Deck 

19 

AL-16155-L 

_ 

20 

AL-161 55-L 

2.91 

9.57 

21 

AL-I5427-L 

5.18 

9.58 

22 

AL-15610-L 

8.32 

9.45 

23 

AL-16155-L 

2.90 

9.37 

24 

AL-15427-L 

5.64 

9.46 

25 

AL-15610-L 

6.43 

9.35 

26 

AL-16155-L 

1.92 

9.32 

2.57  for  AL-16155-L,  the  reference  oil  used  in  both  Sequence  1  and  Sequence  2  tests. 
Test  oil  AL-15427-L  provided  an  average  midrange  number  of  5.41  for  the  sludge 
between  the  rocker  arm  cover  and  baffle.  Photographs  from  Test  No.  20,  before  and 
after  the  normal  flush  following  the  24-hr  test,  are  presented  in  Fig.  1.  After  noting 
that  all  sludge  was  not  removed  from  the  rocker  arm  cover  and  the  cam  baffle  during  the 
normal  flushing  procedure,  it  was  decided  to  physically  remove  all  "white"  sludge  after 
each  test  prior  to  the  normal  flushing  for  the  next  test.  This  procedure  was  followed  for 
ail  the  remaining  tests  in  Sequence  2. 


V.  CONCLUSIONS 


The  degree  of  protection  from  wear  and  corrosion  provided  by  six  different  engine  oils 
formulated  for  use  with  M85  fuel  indicated  the  best  protection  was  obtained  when  using 
lubricant  AL-15427.  The  least  protection  was  provided  by  lubricant  AL-14965-L.  The 
three  lubricants  providing  the  best  protection,  in  the  order  of  protection  from  wear  and 
corrosion,  were  AL-15427-L,  AL-16155-L,  and  AL-1561G-L.  These  three  lubricants 
provided  the  same  order  of  protection  from  wear  and  corrosion  in  the  steadv-state/cold 
test  conditions  as  they  provided  using  the  cyclic  test  conditions. 
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Test  No-  20,  before  flush 


before  and  after  flush  for  Test  No.  20 


VI.  RECOMMENDATIONS 


Based  upon  the  data  obtained  in  this  phase  of  the  Army  Methanol-Fueled  Administrative 
Vehicle  Demonstration  Program,  three  lubricants  coded  AL-15427-L,  AL-16155-L,  and 
AL-15610-L  are  recommended  for  use  in  administrative-type  vehicle  engines.  It  is 
believed  worthy  of  mention  that  two  of  these  three  oils  are  known  to  have  been  used  in 
the  fleet  test  portion  of  the  program  with  no  lubricant-related  problems  occurring  during 
the  program. 
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APPENDIX  A 


Individual  Summary  Data  Sheets  for  Each 
Test  Conducted  Using  the  Modified 
V-D  (Cyclic)  Test  Conditions 
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WEAR  SCREENER  TEST 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


AL-16155-L 


LO-34026 


05-19-87 


31-01-237-84-3 


237 


TOTAL  ENG  HRS  5 
FUEL 

TEST  HOURS 
FLUSH  OIL 


Phillies  "J" 


24 


LO-12119 


FLUSH  OIL  FUELPhi Hiss  "J" 
FLUSH  TIME  5  Hours* 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample; _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  8,16.  20.  24  hours _ 

-  "New"  Oil _ 


*  Included  2  hour  V-D  break-in  and  coolant  flush 


SEQUEBCE  V-D 


TEST  IUMBER 

31-01-237-84-3 

DATE  COMPLETED 

05-20-87 

CTIEBT  OIL'  'CODE  '  1 

AL-16155-L 

SvRI  OIL  CODE 

L0-34026 

Speed ,  rp m 


Load,  bhp 


Oil  Cooler  into  engine,  * 
Engine  ATtOut-Inj,  T 
Pump  Gallery,  psi 
Engine  Gallery,  psi 
AP  ( Pump- Engine ) ,  psi 
Cyl.  Head  Gallery,  pai 
AP  (Engine-Head),  psi 
Cooling,  min 


Water; Jacket  Outlet,  * 


AT  (Out-In),  • 


Plow,  gpm 


Blovby  Heat  Exch. ,  • 


Karine  Manifold,  * 


Humidity,  grains/lb 


Pressure,  in.  H7o 


Blovby  Temperature,  * 


Blovby  Rate,  cfm 


Crankcase  Pressure,  in.  H}o 


Ignition  Timing,  *BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  in.  H,0 


02,  * 


CO,  X 


STAGE  I 


MAX 

Mil 

AVG 

2508 

25 

04 

33-9 

u> 

CaJ 

0 

33 

.6 

STAGE  II 


STAGE  III 


MAX  MIH 


748  755 


124  118 

1  0  0! 
- - l 


63. Oj  60.0  60. 9j  59-0  58. oj  58. 6|  57. 1|  56.0  56.8! 
5~8 . o~j  54.0 1  "55I1  54.0  TaToj  52 •  a|  ~53~  52.0  ~ 52T9I 


6.1!  5. 


ami 


136  1241  133 


131  119  128 


149  137  146 


81  78  80 


0.23 


127 


1.81  1.65  1.70 


0.01  0.00  0.00 


46  46  46 


8.9  11.0 


0.91  1.02 


156  155  156 


14  13  13 


15.5 


151  150  150 


169  168  168 


81  78  80 


79-2 


0.24 


149  147  148 


119 


17  15 


116  113 


140  131 


88]  76 

79-  2~|  79.2| 


113  112 


138 


81 

79-2 


0.26 


113 


7-8 


13 -0  I  8 . 4  I  10.8 


3.2  1-8 
1.01  0.15  0.60 
6.80  6.40  6.60 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-16155-L _ 

SwRI  NO.  LQ-34026 _ 

DATE  05-20-87 _ 

TEST  MO.  31-02-237-84-3 _ 

ENGINE  NO.  _23_Z _ 

TOTAL  ENG  HRS  32 _ 

FUEL  M-8  5  Tank  *  10  5 _ 

TEST  HOURS  _ 

FLUSH  OIL  _ LO- 12119 _ 

FLUSH  OIL  FUELPhilliss  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample; _ 

_ -  End  of  candidate  flush  ("0"  hour) _ 

_ -  8,  15f  20,  24  hours 


New"  Oil 


TEST  NUMBER 


31-02-237-84-3 


AL-16155-L 


DATE  COMPLETED 


SwRI  OIL  CODE 


05-22-8? 


L0-34026 


Speed,  rpm 


Load ,  bhp 


STAGE  I 


MAX  I  MIN  | 


2510!  2496| 


!{  33 •  71  33- 2| 


:j  177  j  172 1 


AVG  I  MAX  |  MIN 


25061  2512|  2497 

•  I 


33-5I!  33-8!  33-3 


25031  760|  746  754! 


33 •  6||  l.ooi  0 . 57|  0.85! 


Engine  aT(Out-In  )  , 


1871 

j  185 

|  186(1 

|  1211  119 

120! 

51 

3 

“1 

2| 

3 

■J  ' 

Pump  Gallery,  psi 

I  63-0! 

62.01 

62.6!) 

61.0! 

60.0! 

60.5.'| 

58.7! 

57.01 

58.0 

Engine  Gallery,  psi 

■  |  57-5! 

56.01 

57-0! 

56.01 

54 . 0  i 

54 . 8i|  55.OI 

54.0) 

54. 5i 

iP  ( Pump-Engine  1 ,  psi 

6.5. 

5-01 

5-T| 

6.01 

5.01 

5-711 

5  .  2  | 

3-0| 

3-8: 

Cyl.  Head  Gallery,  psi 

57-4. 

54.01 

56-11) 

54-5; 

52. 0! 

53-4.1 

55-5. 

52. 0! 

54.0: 

iP  ( Engine-Head  1  ,  ps 


Cooling,  run 


Water: Jacket  Outlet,  * 


'AT  (Out-In),  - 


I  Flow,  gpm 


I Blowby  Heat  Exch., 


'Marine  Manifold,  ’ 


Car b. .Temperature,  F 
Air  ; Humidity,  grains/lb 


(Pressure, 


Blowby  Temperature ,  ' F 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H?0 


Ignition  Timing,  'STDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr- 


Exhaust  Back  Press.,  in.  H?0 


0.8I|  -*.0| 


0.01  1.2! 


22222 

1222221 

25| 

136 1  133|  1341  156 1  155 


12 


:l  15- uj  14.7  15.1I!  15-31  14.8 


|j  130|  127|  1281  149|  147) 


1501 


||  82  j  79  j  81 

||  79-2|  79-2’  79-2 


156||  122! 


13||  15| 


1191  121! 


11  i  13 


1691  167 


8 1 1  81 j  80 

79- 2j  79.2i  79-2 


-22 


147 |  140 j 


1481  114|  113 1  114 1 


136  i  132|  133 


79-2!|  79-2!  79  -  2  j  79-2 


1  Jf-Ll  ■.'ir-H  ■'] 


0.261  0.201  0.24! 


113!  1131  113 


1 ■ 68  j  1 . 55 1 


1.80|  0.0l| 


46)  46 


9 • 2 |  8.5 


0.50  1.701  0.01 


46 


8 . al|  9. 


II 


Jk 


0.70!  1.10!  O.Oll  0.40! 


10 


1.191  0.881 


0.70|  0.251 


10 . 4||  11.31  9  •  4  | 

- - - ■ - r 

1.071  l.llt  1.001 


0.491  0.651  0.26! 


10 . 4lj  2.81  2 . 4  |  2.6 

1.0611  0 . 35  I  0 . 15 1  0.30 


0.511  6.901  6.401  6.66 


Analysis;  NOx,  ppm 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  NO. 
ENGINE  NO. 
TOTAL  ENG 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL 
FLUSH  TIME 


AL-14965-L 


LO- 3  4  4  6  0 


05-24-87 


31-03-237-84-3 


237 


HRS  59 _ 

M-85  (Tank  *  105) 


24 


LO- 1 2119 


FUELPhillios  "J 


3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0”  hour) 

_ -  8 .  16,  20,  24  hours 


SEQUENCE  V-D 


TEST  S UMBER 

31-03-237-84-3 

DATE  COMPLETED 

05-26-8? 

CEIEHT  Oil  coDe 

AL-14965-L 

SvRI  OIL  CODE 

L0-34U60 

Speed,  rpm 


Load ,  bhp 


Oil  Cooler  into  engine,  ' 


Engine  aT(Out-In),  0 


Pump  Gallery,  pal 


Cooling,  min 


Water i Jacket  Outlet 


Flow,  gpm 


Blovby  Heat  Exch . ,  0 


Karine  Manifold,  • 


Carb. I  Temperature ,  *' 


Air  Humidity,  graina/lb 


Pressure,  in.  H?o 


Blovby  Temperature,  0 


Blovby  Rate,  cfm 


Crankcase  Pressure,  in.  H?0 


Ignition  Timing,  *BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 
Exhaust  Back  Press.,  in.  H20 
Exhaust  j  02,  % 

Gas 

Analysis 


STAGE  I 


MAX  I  MIS  AVG 


2508  2b99 


AP  ( Pump-£n*ine i s  psi 

Cyl.  Head  Gallery,  pai  : 

AP  (Engine-Head),  psi 

13<*  135 


12  13 


127  128 


151  143  150 


82  80  81 


128 


1.78  1.63  1.68 


0.70 


46  46  1*6 


8.8  8.4  8.6 


STACE  II 


MAX  MIS  AVG 


STACE  III 


AVG 

“ 

759 

■  1  ■■ 

_  _ 

118 

121 

0 

l 

58.3 

_ _ _ 

58.9 

54T3' 

"TlTl 

~3~5 

3-8 

56.01  56.7!  55.2J  53-5!  54-5 


155 |  154 


13 


149  11*5 


167 


78 1  8 


_9-0  _9_9 
0.98  1.06 


0.60  0.01 


Jb 


80  8l 


0.26 

0.24 

0.25 

117 

113 

115! 

8.6  8 . 3 |  8 .51  15-3  14.8  15.0: 


0.55  0.58 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-15427-L _ 

SwRI  NO.  LO-34461 _ 

DATE  05-27-87 _ 

TEST  MO.  31-04-237-84-3 _ 

ENGINE  NO.  _237 _ 

TOTAL  ENG  HRS  _86 _ 

FUEL  M-85  (Tank  *  105) _ 

TEST  HOURS  24 _ 

FLUSH  OIL  _ LO- 12119 _ 

FLUSH  OIL  FUELPhillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0"  hour)  _ 


Li 


24  hours 


SEQUENCE  V-0 


TEST  NUMBER 


31-04-237-84-3 


□ATE 

COMPLETED 

05-29-87 

SvRI 

OIL  CODE 

LO-34461 

STAGE  II 


STAGE  III 


Speed,  rpm 


Load ,  bhp 


Oil  | Cooler  into  engine,  * 


(Engine  AT(Out-In),  5 


| Pump  Gallery,  ps 


i Engine  Gallery, 


!  AP  ( Pump-Engine  I ,  psi 


!Cyl.  Head  Callery,  ps 


j aP  (Engine-Head),  psi 


Cooling,  min 


AT  (Out-In),  * 


Plow,  gpm 


Blowby  Heat  Exch.,  ' 


[Marine  Manifold,  * 


Car b. | Temperature,  ’ 


Air  [Humidity,  grains/lb 


[Pressure, 


Blowby  Temperature,  ' 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H?0 


MAX  MIN  AVG  |j  MAX  I  MIN  AVG 


25091  24901  25 


176 1  172 1  174)|  187  185 


2  |  0 


61.41  60.0!  60.91!  59 -2 j  58.5)  58.91!  56.81  56. ol  56.2 


55.2!  54.6!  55  .  otj  5^-Ql  52.01  52.8!}  53  •  1 1  52.  o[  52-6 


6.2!  5 . 0  j  5  -  8|j  6.51  5  -  0 1  6 .  olj  4.o|  3  -  0 1  3-6 

54.61  51-51  52.~7!|  52-2!  49. oj  50 . 8!|  52.7!  50. oj  51-0 


134 

135 

12 

12 

129  j 

127 

!  128!i 

150 

152  | 

149  1 

1  151I1 

171 

80. 9 i  79-2|  79-5!  80.91  79- 2|  79-5 


0 . 22  |  0.231!  0 . 24  |  0 . 22  |  0.23l|  0.26)  0.24)  0.25 


128(1  149(  145 )  147|  115 1  112 


•mIh 


Ignition  Timing,  *BTDC 

46  I 

1  “6| 

!  46 

Intake  Manifold  Vacuum,  in.  Hg 

9.60! 

9-10 

9-25 

o.iol  0.00!  0 . 04)1  0.10)  0.01  0.281 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press., 


02,  % 


CO,  4 


11 . 7 |  8.31  9-51  10.81  3.7  9-8! 


jj  l.lOj  0 . 80  (  1.00|  1.061  0 . 86  j  0 . 97)  0.381  0.10)  0.61 


|  0.62|  0.43  0.53 


IgggLIBOlU 
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WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 

TEST  NO. 
ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 


AL-16155-L 


LO-34Q26 


05-30-87 


31-05-237-84-3 

237 


113 


M-85  (Tank  #  105) 
24 


LO- 12119 


FLUSH  OIL  FUELPhillips  "J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ _ 

(1)  Take  2  ounce  Oil  Sample; _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  8,  16.  20,  24  hours _ 

_ -  "New"  Oil  _ 


2 


TEST  HUMBER 

31-05-237-84-3 

DATE  COMPLETED 

05-31-87 

crmrt  oil  code 

AL-16155-L 

SwRI  OIL  CODE 

LO-34026 

Speed,  rpo 


Load,  bhp 


Oil  Cooler  into  engine,  *F 
Engine  AT(Out-In),  * 


AP  (Pump-Engine),  p3i 


Cyl.  Head  Gallery,  pal 


AP  (Engine-Head),  psi 


Cooling,  min 


Water  Jacket  Outlet,  0 
AT  (Out-In),  0 
Flaw,  gpm 

Blow by  Heat  Each . ,  • 
Karine  Manifold,  • 


Carb .  Temperature ,  * 

Air  Humidity,  graina/lb 
Pressure, 


Blow by  Temperature,  * 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H?0 


Ignition  Timing,  *BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  in.  H?o 


Exhaust  02,  % 

Gas  CO,  % 

Analysis  IfOx,  ppm 


STAGE  I 


MAX  KIR  AVG 


2506  2498  2503 


33.91  33-2  33-6 


STAGE  II 


62.71  62.0  62.3 


57. oj  56.0  56.8 


5-0  5-5 


56-31  54.0  55-2 


STAGE  III 


MAX  MIR 


766  754  759 


•  9 


1181  119 


61.0  60.0  60. 7j)  60.5  56.9  57-9 


53-6 


175 

187 

184 

186 

2 

■ 

2 

3 

54.2  52.0!  53-2!  53 -5 1  52-0  52-7 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-16156-L _ 

SwRI  NO.  LO-33993 _ 

DATE  06-01-87 _ 

TEST  MO.  31-06-237-84-3  _ 

ENGINE  NO.  237 _ 

TOTAL  ENG  KRS  L40 _ _ 

FUEL  M-8 5  (Tank  »  105) _ 

TEST  HOURS  24 _ _ _ 

FLUSH  OIL  _ LO-12119 _ 

FLUSH  OIL  FUELPhillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ _ 

-  End  of  candidate  flush  ("0"  hour)  _ 


8,  16,  20,  24  hours 


SEQUENCE  V-D 


TEST  NUMBER 


31-06-237-8U-3 


f - 

AL-16156-L 


DATE  COMPLETED 


I  SwRI  OIL  CODE 


06-02-8? 


1*0-33993 


STAGE  I 


MAX  I  MIN 


Speed,  rpm 


Load,  bhp 


Oil  Cooler  into  engine,  aF 


Engine  aT(Out-In) ,  »F 


j  2514 


|  33*61  33*2 


1771  174 


STAGE  II 


MAX  MIN  I  AVG 


33-41  33.8I 


STAGE  III 


MAX  I  MIN  AVG 


188 

185 

3 

2! 

33-7 


187| 


'Pump  Gallery,  psi 

:j  62 

.61 

62.01 

62, 

ll 

61.0 

60.01 

60. 3j 

59. o| 

58.O 

58. 4 

Engine  Gallery,  psi 

!  57  ■ 

"oi 

I 

56.01 

56. 

■1 

54. 5  j 

54. 0! 

54.2,1 

56.oi 

54. 2  1 

55-0 

! aP  (Pump-Engine),  psi 


!Cyl.  Head  Gallery,  psi 


AP  (Engine-Head),  psi 


J Cooling,  min 


Water  1  Jacket  Outlet,  ° 


AT  (Out-In),  * 


! Flow,  gpm 


Blowby  Heat  Exch. ,  5 


Marine  Manifold,  ' F 


Car b. j Temperature,  'F 


Air  I  Humidity,  grains/lb 


j Pressure,  in.  H?0 


Blowby  Temperature ,  0 F 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  Hz0 


Ignition  Timing,  aBTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press., 


Exhaust  02,  t 
Gas  CO,  % 


6.01  5.0 


57.01  53-0 


0. 


5* 


54. 7j  54. Oj 


52.31  56.0)  52.21  53-5 


1.9||  2.5 


15. 2|  14.8 


130 1  128 


!|  79- 2  I  79. 2  I 


15.1||  15-1 


1291  149 


j  130j  128 


1 . 88 |  I.70I 


122 

107| 

|  119 

15 

11 

1  13 

tsaai 

isssaai 

|==S2* 

H5| 

1001 

111 

134 

118 1 

130 

0 . 24  j 

0.20 

!  0.22! 

0 . 26 1 

0.22 

0.24 

IBSI 

145 

■si 

H5  j 

98 

110 

1.74  iiSBHESI 


8 - 9 1  8.31  6.6 1  8.71  8.3  8.5 


10 

10 

10 

15.2 

14.5 

14.8 

9.11 

10.61 

3.0i 

1  2.2 

2.6 

31 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-1561Q-L _ 

SwRI  NO.  LO-34579 _ 

DATE  06-03-87 _ 

TEST  NO .  31-07-237-34-3 _ 

ENGINE  NO .  212 _ 

TOTAL  ENG  HRS  _ 

FUEL  M-85  (Tank  *  105) _ 

TEST  HOURS  _24 _ 

FLUSH  OIL  _ LO- 12119 

FLUSH  OIL  FUELPhillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0"  hour) _ 

_ -  8 ,  16 ,  20  ,  24  hours 


SEQUENCE  V-D 


TEST  NUMBER 


31-07-237-84-3 


Speed,  rpm 


Load,  fchp 


Oil  : Cooler  into  engine,  0 


j Engine  aT(Out-In),  ’ 


Pump  Gallery,  psi 


Engine  Gallery,  psi 


iP  ( Pump-Engine l ,  ps 


Cyl.  Head  Gallery,  psi 


'Cooling,  min 


Water i Jacket  Outlet,  JF 

y-  ■—  — . — 

iT  [Out-In ),  JF 


(Flow,  gpm 


! Blovby  Heat  Exch  ,  ’F 


(Marine  Manifold,  5 


Car b. I  Temperature,  J 


Air  I  Humidity,  grains/lb 


Pressure,  in.  H?0 


STAGE  I 


||  MAX  |  MIN  I 


!  2508  2494j 


|  33 - S j  33- 4| 


1771  171 | 


AVG 


25011 


33  -  6( 


175|| 


STAGE  II 


MAX  MIN 


2505|  2496  25001 


33-8)  33 - 3|  33-6) 


1871  1851  187! 


STAGE  III 


MIN  AVG 


760)  750 |  753 


i.2|  o . a | 


1191  120 


|  64 . 4 1  63-51  64.01 


58.81  58.0!  58. 3i 


5-3)  5-71 


|  58.6!  55-5!  57-3|j 


62.6|  62. 0(  62.2! 


56.81  56 . 0  j  56  .  Uil 


8-5!  5- 


56.41  54.01  55. in 


59-41  58.O!  59-0 


55-2)  54  7!  55-0 


4.7!  3 ■ 0 |  4.0, 


55-7!  53-01  54.6! 


2.0!  0.5 


15  -  3 |  15-0 


129 


15.1!  15-2|  15-0  15.1I 


1281!  1481  147 


HO 

112 

113. 

132! 

122 

129! 

82  i 

80 1 

90. ‘ 

Blovby  Temperature,  ' F  | 

128 

125 

1271 

145 

143 

Blovby  Rate,  cfm 

1.83 

1.71 

1.761 

m  ■ywq  j  | 

Crankcase  Pressure,  in.  H?o 

HSIffgKR] 

0.70 

0.01 

Ignition  Timing,  ' BTDC 

46 

46 

46 

ssssai 

Intake  Manifold  Vacuum,  in.  Hg 

8.8 

8.4 

8 . 6| 

8.7 

a.4 

Fuel  Flow,  lb/hr 

ii  — ! 

Exhaust  Rack  Press., 

in .  H ;0 

!  10.6 

Exhaust  02 ,  X 
Gas  CO,  % 


Analysis!  NOx,  ppm 


l|  1-14)  0  ■  85  ( 
■'I  0.43j  0.22  | 


0.28)}  0 . 46  |  0 . 23  j  0.351  7 -  00  j  6 . 40  j  6.60 


— !  — |  2i5oija=jiiaB=sai 


I'KOlHiCTS  fc  EMISSIONS 

.  op  ektroi.kum  i'kodik 

AI.YTICAI.  IJMIOKATOUY 


URGENCY  DATE 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE  AL-14965-L 

SwRI  NO.  LQ-34460 _ 

DATE  06-08-87 _ 

TEST  MO.  31-08-237-84-3 

ENGINE  NO.  237 _ 

TOTAL  ENG  HRS  194 


FUEL 


M-8 5  (Tank 


TEST  HOURS  24 _ 

FLUSH  OIL  _ LO-12119 

FLUSH  OIL  FUELPhilliss  "J" _ 

FLUSH  TIME  3  Hours _ 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  8.  16.  20.  24  hours _ 


New"  Oil 


TEST  NUMBER 


31-08-237-84-3 


DATE  COMPLETED 


06-09-87 


_ 

SvRI 

OIL  CODE 

AL-14965-6 

L0-3446O 

1 

j 

STAGE  I 

STAGE  II 

STACE  III 

MAX 

MIN 

AVG 

MAX 

MIN 

AVG 

MAX 

MIN 

AVG 

Speed 

r?m 

2510 

2498 

25041 

2507 

2500 

2503! 

763 

748 

753 

Load, 

bhp 

t 

33 •?(  33-2 

33- “j 

33-6 

33-2  33  •  4f 

1.2 

1.0 

l.l 

Oil 

Cooler  into  engine,  JF 

176 

174 

1751 

_ 

187 

185 

1861 

122 

118 

121 

Engine  at (Out-In),  JF  ; 

6 

3 

m 

3 

4) 

7 

2 

Pump  Gallery,  psi 

65.8 

65-0 

65-21 

64.4 

63.0 

63  -  6i 

60.0 

59-0 

59.6! 

69-7 

59-0 

60.91 

59-0 

58.0 

58.41!  56.1 

55-4 

55.9! 

AP 

Pump-Engine),  psi  ' 

6 . 0 

4.0 

5.°j 

5-7 

5.0 

5.2l|  4.3 

3-0 

3.8 

Cyl 

Head  Gallery,  psi 

59-5 

57-0 

58. ll 

57-0 

55-8 

56. 5i 

55-6 

53-0 

54.4 

.P 

Engine-Head),  psi  1 

4.0 

wm 

2 . 2  ( 

3.° 

1.0 

1-91 

3-0 

1.0 

1.9 

Cooling,  min 

aggggi—- — 

S2S2EI 

m  mwm 

15 

13 

14 

Water; Jacket  Outlet,  JF 

136 

134 

135 

156 

155 

155||  121 

120 

120 

j  AT 

Out-In),  J  F  | 

15 

12 

14 

14 

13 

131 

13 

12 

Flow,  gpm  [ 

15-1 

14.7 

14.9( 

15.0 

14.8 

14.91 

*• 11  •**•■■■ 

tSSSST 

— 

Blowby  Heat  Exch. ,  !F  j 

130 

128 

129| 

149 

148 

1481 

114 

113 

114 

Marine  Manifold,  5F 

152 

149 

i5oj 

171 

169 

170| 

134 

130 

132 

Carb. 

Temperature,  aF 

81 

80 

80 

81 

80 

801 

83 

80 

81 

Air 

Humidity,  grams/lb  | 

79-2 

79.2 

79. 2| 

79-2 

79-2 

79-21 

79-2 

79-2 

79-2 

Pressure,  in.  H-0 

0.24 

0.21 

0 . 22| 

0.22 

0.21 

0.221 

0.24 

0.24 

0.24 

Blovby  Temperature,  3F 

129 

127 

12«j 

147 

146 

1461 

114 

112 

113 

Blowby  Rate,  cfm 

1.78 

1.71 

1.74 

ES3E53 

Crankcase  Pressure,  in.  H?0  j 

0.09 

0.01 

0.02 

0.04 

0.01 

0.021 

1.00 

0.01 

0.02 

[  Ignition 

Timing,  JBTDC 

46 

p~3 

B 

10 

10 

10 

Intake  Manifold  Vacuum,  in.  Hg  j 

8.8 

7.5 

8.2 

8.6 

7.8 

8.3! 

15.1 

14.6 

14.9 

Fuel 

Flow,  lb/hr 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02! 

0.01 

0.01 

0.01 

■  SB  ii.mwjwi 

11.7 

9.4 

10. 6| 

10.9 

9-0 

10.11 

1.2 

0.0 

0.7 

Exhaust 

02,  t  ! 

1.34 

2.20 

1.06 

1.301 

0.25 

0.17 

0.21 

Gas 

CO,  5  i 

0.50 

0.12 

0.29| 

0.42 

0.18 

0.34| 

7.00 

6.40 

6.60 

Analysis 

NOx,  ppm  ■ 

SBSalJ  2340 

2340 

2340( 

AUTOMOTIVE  PRODUCTS  L  EMISSIONS  RESEARCH  DIVISION 
DEPT.  OP  PETROLEUM  PRODUCTS  RESEARCH 
ANALYTICAL  IJVHORATOItY  BLUE,.  1/1 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  MO. 

ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL  FUEL 
FLUSH  TIME 

DISCUSSION 
(I)  Take  2  ounce  Oil 


AL-16155-L 


LQ-34026 


06-10-87 


31-09-237-84-3 


237 


221 


M - 8  5  Tank  =105 


24 


LO- 12119 


Phillips 


3  Hours 


Sample : 


-  End  of  candidate  flush  ("0"  hour) 

-8,  16,  20,  24  hours _ 

-  "Mew1*  Oil _ 


SEQUENCE  V-D 


Ifi  W  ^  ;«:V  M  A 


TEST  NUMBER 

31-09-237-84-3 

DATE  COMPLETED 

06-11-87 

CLIENT  uXl  “fculjf 

AL-16 155-L 

*§wRl  OIL  CODE 

L0-34026 

Speed ,  rpm 


Load,  bhp 

Oil  | Cooler  into  engine,  s F 
J Engine  aT(Out-In),  “F 


Pump  Gallery,  psi 


ps 


STAGE  I 


MAX  I  MIN 


1?6|  174 j 

21  01 


STAGE  II 


AVG 


AVG  j 

MAX 

MIN 

2499| 

2510 

2490 

33- 4j 

33-8 

33.2 

!?5| 

186 

185 

STAGE  III 


1061  122 

- j - 

oil  s 


60. 7'!  58.7|  58.01  58.4 


'Cyl.  Head  Gallery,  psi 


j iP  (Engine-Head),  psi 


Cooling,  min 


Water i Jacket  Outlet,  1 

i 


AT  (Out-In),  • 


Plow,  gpm 


Blow by  Heat  Exch. ,  1 


I  Marine  Manifold,  ’ 


Air  Humidity,  grains/lb 


(Pressure,  in.  H?0 


Blowby  Temperature,  * 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H?o 


Ignition  Timing,  J BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  : 


Exhaust  02,  i 


Gas  CO,  % 


Analysisl  NOx,  ppm 


56.5!  54.01  54.01  54.41  52. o|  53- All  55-01  52. Ol  53-6 


PI 


15511  122 


15.1)  14.8  15.  Oj  15.0  14.81  14 . 9jj 


147 


12811  148 


151 (  1471  149)  17 0 


|  0.22)  0 . 18 |  0.20 


129  j  127  127|  146)  145 


1.901  1 .72 |  1.851 3SSS9|SSSSSI 


0.1l|  0.01  0.06 


46)  46  46 


115 


132)  133 


1 


-nu — -11 


8.7  8.8|  8.91  8.4 


Ed 


9-3  10.1! 


1.18)  0.15  1.00  1.20  0.99 |  1.111  l.io!  0.23)  O.57 


|f  4.80)  0.07 


6.80 

|  6.00| 

6.40 

sa=sa 

WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


AL-15427-L 


LO-34461 


06-12-87 


31-10-237-84-3 


237 


TOTAL  ENG  HRS  248 
FUEL 

TEST  HOURS 
FLUSH  OIL 


M-85  Tank  *  105 


24 


LO-12119 


FLUSH  OIL  FUEL  Phillips  "J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  8  ,  16 ,  20  ,  24  hours _ 

-  "New"  Oil 


42 


SEQUENCE  V-D 


TEST  NUMBER 

DATE  COMPLETED 

31-10-237-8A-3 

06-13-87 

SwRI  OIL  CODE 

AL-15427-L 

L0-34461 

STAGE  I 


STAGE  II 


AVG  II  MAX  |  MIN  I  AVG 


Speed,  rpm 


Load ,  bhp 


Oil  Cooler  into  engine, 


'Engine  aT( Out-In), 


STAGE  III 


MAX  MIN  AVG 


733  741 


177 

173 

2 

0 

: Pump  Gallery,  psi 

1  -  -  ; 

60.21 

58. 9| 

59- 6[ 

58.41 

1 

57. 3| 

58.011 

56.0] 

55. oj 

55-2. 

! Engine  Gallery,  psi 

j 

56.81 

53- 1) 

54.  4| 

52. 5  j 

51. 2| 

52. 5j 

50.8 

51-7' 

1 

! aP  (Pump-Engine),  psi 

6.61 

5-°! 

5- 81 

6.21 

5  -  9  j 

6.0I( 

i 

4.61 

3  •  0 1 

3-7J 

[Cooling,  min 


Water : Jacket  Outlet,  “ 


Blovby  Heat  Exch. ,  J 


Marine  Manifold,  * 


Carb. I  Temperature,  J F 


Air  [Humidity,  grams/lb 


! Pressure,  in.  H70 


Crankcase  Pressure,  in.  H?0 


Ignition  Timing,  °BTDC 


Intake  Manifold  Vacuum,  in. 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  in.  H20 


Exhaust  02,  % 

Gas  CO,  % 

Analysis  NOx,  ppm 


AUTOMOTIVE  PRODUCTS  fc  EMISSIONS  HESEAHCH  DIVISION 
DEPT.  OP  PKTROI.RUM  PRODUCTS  RESEARCH 
ANALYTICAL  LAIIORATORY  BLDG.  171 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE  AL-15610-L _ 

SwRI  NO.  LO- 3  4  57  9 _ 

DATE  06-13-87 _ 

TEST  MO .  3  1-11-237-84-3 _ 

ENGINE  NO.  237 _ 

TOTAL  ENG  HRS  275 _ 

FUEL  M-85  Tank  *  105 _ 

TEST  HOURS  _24 _ 

FLUSH  OIL  _ LO-12119 

FLUSH  OIL  FUEL  Phillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Record  extra  temperatures  and  note  Phase 


Oil  Sump _ 

Intake  Manifold  and  M  Runner 


(2)  Take  2  ounce  Oil  Sample _ 

_ -  End  of  candidate  flush  ("0”  hour) 

_ -  8  ,  16  ,  20 ,  24  hours 


New"  Oil 


SEQUEICE  V-D 


TEST  IUMBER 

31-11-237-84-3 

DATE  COMPLETED 

06-20-87 

C  LI  LIT  OIL  CODE 

AL-15610-L 

SvRI  OIL  CODE 

10-34579 

Speed,  rpm 


Load ,  bhp 


Oil  Cooler  into  engine,  *F 


Engine  aT( Out-In),  • 


Pump  Gallery,  pai 


Engine  Gallery,  pal 
aP  ( Pump- Engine ) ,  pai 


Cyl.  Head  Callery,  pai 


AP  (Engine-Head),  pal 


Cooling,  min 


Water  Jacket  Outlet,  *F 


AT  (Out-In),  4 


Flow,  gpm 


Blovby  Heat  Exch. ,  °F 
Marine  Manifold,  *F 


Air  Humidity,  grains/lb 


Pressure,  in.  H?o 


STAGE  I 


MAI  Mil 


2513  21*98  2506 


33.8  29-7  33-2 


176  173  175 


2 


STAGE  II 


MAI  Mil  AVG 


2508  2491  2503 


33-8  33-6  33-7 


187  1851  186 


STAGE  III 


MAI  Mil 


773  752}  76k 


0.8 


|  59.8)  58. Oj  58-9 
6.0]  5.0]  5-4 


j  55-3)  5>*. 0|  5**-8 


3- 


53-7  51-91  52.71 


a 

BBI 

5.3 

3. 

D 

nai 

6. 

a 

3. 

135  133  13k 


15 1  13 1  Ik 


15.2 


130  128  128 


151  149  150 


14 

16 

119 

120' 

12 

12. 

Blovby  Temperature ,  * F 

Blovby  Rate,  cfm 

Crankcas« 

t  Pressure,  in.  H?o 

Ignition 

Timing,  *8TDC 

Intake  Manifold  Vacuum,  in.  Hg 

Fuel  Flo* 

r,  lb/hr 

Exhaust 

lack  Press.,  in.  H*o 

Exhaust 

02,  * 

Gas 

CO,  % 

Analysis 

lOx,  ppm  ! 

129  127  128 


2.08  1.90  1.97 


0.60  0.10  0.20 


k6 1  46  46 


0.20  0.10  0.10  0.20  0.10  0.10 


10.9  8.4  10.2 


1.16  1.01  1.10 


0.60  0.3U  0.50 


8.7  e.k  8.5 


11.1 


1.09  1.00  1.06 


0.55  0.39  0.50 


Mi', 


73::  c.— ' 


.I’ONSOK  COOK:  AL-15610-L  TKST;  J 1  - 1  1  -237-04-  )  HATH 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-16156-L _ 

SwRI  NO.  LO-3  39-3  3 _ 

DATE  06-21-87 _ 

TEST  MO .  3  1-12-237-84-3 _ 

ENGINE  NO.  237 _ 

TOTAL  ENG  HRS  302 _ 

FUEL  M-95  Tank:  i  105 _ 

TEST  HOURS  _24 _ 

FLUSH  OIL  _ LO-  12119 

FLUSH  OIL  FUEL  Phillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample 

-  End  of  candidate  flush  ("0"  hour) 

-  8,  16,  20,  24  hours 


New"  Oil 


SEQUENCE  V-D 


TEST  S  UMBER 


31-12-237-84-3 


'aL-16156-L 


Speed,  rpm 


Load,  bhp 


Oil  Cooler  into  engine. 


Engine  aT( Out-In),  ' 


AP  (Pump-Engine),  pal 


!Cyl,  Head  Gallery,  pal 


[Cooling,  min 


Water [Jacket  Outlet,  • 


AT  (Out-In),  • 


Plow ,  gpm 


Blow by  Heat  Exch.,  * 


Narine  Manifold,  " 


Air  Humidity,  graina/lb 


| Pressure,  in.  H?o 


Blowby  Temperature,  *P 


Blovby  Rate,  cfra 


Crankcase  Pressure,  in.  H?0 


Ignition  Timing,  * B7DC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Plow,  lb/hr 


Exhaust  Back  Press.,  in.  H2o 


Exhaust  02,  t 

Gas  CO,  % 

Analysis  lOx,  ppm 


DATE  COMPLETED 


SvRI  OIL  CODE 


06-23-8? 


L0-33993 


STAGE  I 


MAX 

Mil  1 

AVG 

2510 

2498 

2504 

33-71 

|  33-3 

33.5 

177 

i  174 

1 

175 

STAGE  II 


MAX  I  Mil 


STAGE  III 


AVG 


MAX 

Mil 

759) 

752 

122 

120 

6 

2 

5-7|  5  -  0 1 


53-H  52.01 


5-5 


61.0  60.9)  61 .01  59-0  58.0  58-4' 


55. Ol  56.01  55. 4|  55-4  54. o|  54.6) 


5. 61 


52. 5|  5l.0|  50.01  50.81)  51.0|  50.0I  50-5 


5 ■ 0 1  3. 


5  ■  3|  6. 


130 1  128)  129 


153|  149  150 


82 )  79  80 


79-21  79-2  79-2 


0.241 

0.20 

130  j 

128 

0.20 


46  46)  46 


8.8 1  8.3  8.6 


PI  i'l  S II  n  .ill  Mr 


149 1  148)  148 


170  169 |  170 


79 1  81 


147 1  1461  146 


115  112  113 


133  130  131 


85  80  83 


115  112  113 


lilSIM'J  H  L-mi 


0.20  0.10 |  0.10|  0.20  0.10  0.10 


10  10  10 


C 


8.6)  8.4  8.5 


11.5)  9.3l  10.4|  0.8 


— !  2730 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  MO. 
ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 


A1-16155-L 


LO- 3  4  0  2  6 _ 

06-23-97 _ 

31-13-237-84-3 
237 _ 


32i _ 

M-85  Tank  4  105 
24  _ 


LO- 12119 


FLUSH  OIL  FUEIphillios  "J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ( " 0 "  hour ) 


8,..  1 


20,  24  hours 


SEQUESCE  V-D 


TEST  IUM8ER 


31-13-237-84-3 


AL-16155-L 


Speed ,  rpm 


Load,  bhp 


Oil  Cooler  into  engine,  9 
Engine  aT( Out-In),  9 
Pump  Gallery,  pal 
Engine  Gallery,  psi 
aP  (Pump-Engine),  pal 
Cyl.  Head  Gallery,  pal 
aP  (Engine-Head),  pai 
Cooling,  min 


Water j Jacket  Outlet,  9 


AT  (Out-In),  9F 


Flow,  gpm 


Blovby  Heat  Each.,  4 


Narine  Manifold,  9 


Carb.  Temperature,  9 
air  Humidity,  graina/lb 
Pressure,  in.  H20 


Blovby  Temperature ,  4 


Blovby  Rate ,  cfm 


Crankcase  Pressure,  in.  H20 


DATE  COMPLETES 


SVKX  OIL  CODE 


06-25-8? 


L0-3U026 


STAGE  I 


MAX  Nil 


2510  2W9U 


1771  173 


3 


63-2  62.0 


STAGE  II 


AVG 

MAX 

Mil 

AVG  { 

2502 

2503 

2498 

25001 

33-6 

33-8 

33.3 

33-5 

175 

187| 

185i 

186 

2 

It| 

■ 

2! 

2 

62.5  61.0 

60.6 

60. 9 

56.01 

55.0 

55-2 

STAGE  III 


MAX  Nil  AVG 


763  7k8  755 


Ignition  Timing,  9BTGC 

Intake  Manifold  Vacuum,  in.  Hg 

Fuel  Flo* 

r,  lb/hr 

Exhaust  1 

Sack  Press.,  in.  H20 

Exhaust 

CM 

O 

Gas 

CO,  * 

Analysis 

lOx,  ppm 

135 

133 

134 

14 

131 

14 

15-3 

15.1 

15.2 

130 

127 

129 

150 

148 

150 

81 

80 

80 

75. 2 

79.2 

79-2 

10.8 


1.06  0.92  1.01 


0.51  0.28  0.38 


L— „  11 


155 

154 

14 

13 

15-2 

14.9 

149 

147 

170 

168 

81 

79 

79-2 

79.2 

0.24 

0.22 

148 

145 

13 


EOS 


1,11 


11.2  9.2  10.0 


1.01  0.93  0.99 


0.50  0.25  0.38 


2450 1  2210  2330 


85  j  80  j  83: 


*»A  « 

I  7  •  2 


0.24 


115  HI  113 


1_ ILL 3E 


1.00  0.10  0.30- 


10  10  10; 


15.2  14.8  15.0. 


0.46  0.40  0.42 


6.90  6.40  6.60. 


LiiJL. 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  MO. 

ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL  FUEL 
FLUSH  TIME 


AL-14965-L 

LQ.-214  5Q _ 

07-14-87 


31-14-237-84-3 


237 


356 


M-85  Tank  a  105 

_24 _ 

_ LO- 12119 


Phillips  "J" 
3  Hours _ 


DISCUSSION 


SEQUENCE  V-D 


TEST  NUMBER 

31-14-237-84-3 

DATE  COMPLETED 

07-15-87 

CLIENT  U1L  CEUT 

AL-14965L 

SwRI  OIL  CODE 

L0-34460 

STAGE  I 


MAX  I  MIS 


Speed ,  rpm 


Load ,  fchp 


Oil  Cooler  into  engine,  0 


Engine  all  Out-In),  1 


Pump  Gallery,  psi 


Engine  Gallery,  psi 


|  AP  ! Pump-Engine i ,  psi 


|Cyl.  Head  Gallery,  psi 


67.2|  66.01 


61.41  60. Ol 


6.11  5 • 0 | 


57.41  55.01 


AP  (Engine-Head),  psi  i 

1  6- 

SBS 

5- 

ESI 

6. 

a 

6.6 

n 

5-2 

Cooling,  min 

^  -  lit  •  * 

E3 

E3 

14 

Water i Jacket  Outlet,  a 


AT  ( Out-In ) ,  a 


Flow,  gpm 


Blowby  Heat  Exch. ,  1 


Marine  Manifold,  0 


Air  | Humidity,  grains/lb 


Pressure,  in.  H2o 


Blowby  Temperature ,  9 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  HjO 


Ignition  Timing,  "BTCC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  in.  H20 


81 1  80 


79.2|  79.2 


0 . 22 |  0 . 20  I 


130|  127 


8.6)  7-9  8.4 


j  11.4 


Exhaust 

02,  % 

|  1.40)  1.06 

1.20 

1.34 

1.00 

1.161  0.54)  0.16)  0.26 

Gas 

CO,  * 

|  0.95)  0.40 

0.71 

0.97 

0.47) 

0 . 72|  6.90 |  6 . 30  j  6-50 

Analysis 

NOx,  ppm 

EH3 

B 

STAGE  II 


MAX  MIN 


2510|  2498 | 


STAGE  III 


MAX  I  MIN 


2507)1  762  755 


188 1 

!  1861 

-1 

!  ia7| 

122! 

119 

8| 

*»! 

■B 

3 

65.1)  64.7)  64.9)  60.81  60.0)  60.3 


60.01  59- 0)  59-3)  57-2)  55-0)  56.1 


5  -  0 1  5.6I  5-0l  3-41 


58.81  54.01  55 . 3||  52.01  50.01  51.1 


155)  122)  119)  121 


79.2)  79.2) 


0 . 22 |  0 . 20 | 


148 |  145 


114 


132  133 


8l|j  82)  80)  81 


79.2)  79.21  79-21  79.2 


0 . 2 1 j  0.261  0.241  0.25 


112 

114, 

1.20 

U - 1 

0.20 

0.80 

10  j 

10 

10 

14. 7| 

t  14.5 

14.6 

9- 8 |  10.4 


55 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  NO. 
ENGINE  NO. 


AL-15610-L 


LO- 34579 


07-16-87 


31-15-237-84-3 


237 


TOTAL  ENG  HRS  233 
FUEL 

TEST  HOURS 
FLUSH  OIL 


M-8 5  Tank  4  105 


24 


LO-12119 


FLUSH  OIL  FUEL  Phil lips  "  J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  SamDle: 


-  End  of  candiate  flush  ("0"  hour) 

-  8 ,  16 ,  20 ,  24  hours 


-  "New"  Oil 


57 


SEQUENCE  V-D 


TEST  NUMBER 

DATE  COMPLETED 

31-15-237-84-3 

07-17-87 

SvRI  OIL  CODE 

AL-15610-L 

10-34579 

Speed,  rpm 


Load ,  bhp 


Oil  | Cooler  into  engine,  8F 


I  Engine  AT(Out-In),  8 


I  Pump  Gallery,  psi 


Engine  Gallery,  psi 


aP  (Pump-Engine),  psi 


|Cyl.  Head  Gallery,  psi 


AP  (Engine-Head),  psi 


I  Cooling,  tnin 


Water) Jacket  Outlet,  8 


aT  (Out-In),  8 


Plow,  gpm 


Blow by  Heat  Exch . ,  8 


Marine  Manifold,  8 


Air  Humidity,  grains/lb 


I  Pressure,  in.  H20 


Blovby  Temperature,  8 


Blovby  Rate,  cfm 


Crankcase  Pressure,  in,  H20 


STAGE  I 


MIR 

AVG 

IK&SI5E 

|  33-3 

33-5 

jl75l 

176 

5 

65- Oj  64 . 0 | 


6.9)  5- 


i  57. 56.01 


STAGE  II 


MAX  MIR  AVG 


33-7  33- 4  33-5 


18?)  186 


2|  3 


64. 6|  63-61  63-Oj  63.3) 


6.2)  6.0)  6. 


56.8)  55-0)  5<*.0|  54.6) 


3-0  2. 


STAGE  III 


MAX  j 

MIR 

768 

755 

120  1211 


59- 6|  59.0)  59. 5| 


56.21  54.0)  55 .4| 


5-01  3.2|  3-9 


155  154  155 


14  13  j  13 


15.2  15.0)  15.1 


1481  147 1  1481 


15) 

14 

122 

120 

14 

1  11 

12| 


U5|  113 1  Ilk 


150 

147 

149 

134 

131 

132 

81 

78 

80 

_ 

82 

78 

80| 

I 

83 

80 

82 

79-2)  79-2) 


0 . 22 |  0.20 


130 


2.371  2.13 


79. c|  79-2)  79 . 2||  79-2)  79.2)  79-2 


0.26|  0.24  0.25 


147)  146)  146  {  114|  113  113 


Ignition 

Timing,  8BTDC 

Intake  Manifold  Vacuum,  in.  Hg 

Fuel  Flo> 

f,  lb/hr 

Exhaust  1 

Sack  Press.,  in.  H2o 

Exhaust 

02,  t 

Gas 

CO,  t 

Analysis 

NOx,  ppm 

0.80  0.10 


46 


!  9. 


46 

46 

8.6 

8.8 

8.9  8.6  8.8)  15-2  14.6  14.9 


AUTOMOTIVE  PHODUCTS  i  EMISSIONS  HKSKAIICII  DIVISION 
DEPT.  OP  PKTHOI.1IIIM  PHODUCTS  KESI'J\I<CII 
ANALYTICAL  LAIIOHATORY  ULIHI.  171 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


AL-14966-L 


LO-35235 


07-24-87 


31-16-237-84-3 


237 


TOTAL  ENG  HRS  410 
FUEL 


M-85  Tank  =  105 


TEST  HOURS  2_4_ 
FLUSH  OIL 


LO- 1 2119 


FLUSH  OIL  FUELPhillips  "J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

)  Take  2  ounce  Oil  Sanrole: 


-  End  of  candidate  flush  ("0"  hour) 

-  8,  16,  20,  24  hours _ 

-  "New"  Oil 


0 


6 


SEQUEHCE  V-D 


TEST  HUMBER 

31-16-237-84-3 

DATE  COMPLETED 

07-26-87 

CLI2HT  OIL  CADE 

AL-14966-L 

SwRI  OIL  CODE 

LO-35235 

Speed,  rpw 


Load,  bhp 


Oil  Cooler  into  engine, 


Cyl.  Head  Gallery,  psi 


aP  (Engine-Head),  psi 


Cooling,  min 


Water i Jacket  Outlet,  “ 


STAGE  I 


2510 1  2  >*97 


1  33.81  33-21 


STAGE  II 


MAX  1 

Mil 

AVG 

2506| 

1 

|  2500 

2504 

33- 8 

33-4 

|  33.61 

1881 

186 

b; 

STAGE  III 


Mil 

AVG 

756 

760 

■iBIBS! 

118 

120 

3 

5 

66. 6j  66.3 


60.91  60 . 6 | 


5-8!  5-6 


60.2!  59.0| 


0.6 


66. Lj  65  -  0  I  64. 6|  64. 7|  60.7!  60.1  60.4 


60 . 7||  59 •  2 !  58.8!  58.91  56.6  55. 4|  55.8 


5  -7|  5 - 9 1  5-7|  5.8(1  5-3|  3-9 


59 •  61)  58.2|  56.8I  57-61  55 -8j  54.7  55-4 


Flow,  gpm 


Blow by  Heat  Exch. ,  * 


Marine  Manifold,  * 


Car b. I  Temperature,  0 


Air  (Humidity,  grama/lb 


(Pressure,  in.  H?o 


Blowby  Temperature,  4 


Blow by  Rate,  cfm 


Crankcase  Pressure,  in.  H70 


Ignition  Timing,  *BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  Ib/hr 


Exhaust  Back  Press.,  in.  H?o 


Exhaust  02,  X 

Gas  CO,  X 

Analysis  NOx,  ppm 


113 

114 

113 

129 

79 

90 

79- 2 (  79.2 

I  79.211  79-2 

1  79.21 

1  79.21 

1  79-2 

I  79-2 j 

1  79-2 

0 . 18  I  0.171 

|  0.18  o.isj 

1  0. 14  j 

0.161 

j  0.24| 

1  0 . 20 1 

0.22 

AUTOMOTIVE  rilODllCT:;  k  EMI  I ONS  Itl'SKAItCII  DIVISION 

m:i»i .  of  i‘i:tkoi.i<iim  Eitonuc-rs  kesea.u.ti 

ANALYTICAL.  1JUIOKATOKY  111.IKI.  171 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 

OIL  CODE  AL-16155-L _ 

SwRI  NO.  LO-34369 _ 

DATE  07-26-87 _ 

TEST  NO.  31-17-237-84-3 _ 

ENGINE  NO.  237 _ 

TOTAL  ENG  HRS  437 _ 

FUEL  M-85  Tank  *  105 _ 

TEST  HOURS  _24 _ 

FLUSH  OIL  _ LO-12119 _ 

FLUSH  OIL  FUEL  Phillips  "J" _ 

FLUSH  TIME  3  Hours _ 

DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0”  hour) _ 

_ -  8  ,  16,  20,  24  hours _ 

-  "New"  Oil 


63 


SEQUERCE  V-D 


TEST  SUMBER 

31-17-237-84-3 

DATE  COMPLETED 

07-28-87 

OIL 

CODE  ™ 

AL-16155-L 

SwRI  OIL  CODE 

LO-34369 

Speed,  rptn 


Load ,  bhp 


Oil  I  Cooler  into  engine,  4 


Engine  aT( Out-In),  4 


Pump  Gallery,  p3i 


I  Engine  Gallery,  psi 


aP  (Punrp-Engine),  psi 


iCyl.  Head  Gallery,  psi 


j aP  (Engine-Head),  psi 


I  Cooling,  min 


Water  I  Jacket  Outlet,  • 


At  (Out-In),  0 


Flow,  gpm 


Blowby  Heat  Exch . ,  0 


Marine  Manifold,  ° 


Air  Humidity,  grains/lb 


Blowby  Temperature,  4 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H20 


Ignition  Timing,  * BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


Exhaust  Back  Press.,  in.  H2o 


02,  % 


STAGE  I 


STAGE  II 


MAX  I  Mil  |  AVG  I  MAX  MIR  I  AVG  I  MAX  I  MIR 


STAGE  III 

MAX 

|  MIR 

AVG 

7631 

(  7521 

756 

0.8 


119 1  120 


177  174 1  175  187  186)  187||  120 


2|  3  4  31  4  5|  4)  5 


63.8)  62.9)  63-5  61.8)  61.01  61.5)  59-6)  58.8)  59.1 


57-81  57.0(  57-51  55-7)  55-0)  55.4))  55-4)  54. oj  55. 0 


6.21  5.7)  6.0)  6.2)  6.0)  6. 


56.6)  56.01  56.4)  54. 4)  53.9I  54.ll  54. 81  54. oi  54.5 


136 

j  134 

|  135 

15-3 

j  15.0 

I  15.1) 

131 

|  129 

129) 

150 

)  150 

|  150 

81 

)  80 

mm 

79.2 

)  79.2 

79.2 

0.18 

0.14 

0.17 

130 

)  1281 

1  129) 

2.481 

1  2 . 08 | 

BED 

1.00  1 

0.30| 

0.80 

46 

46 

46 

13 


15. l|  15-0)  14.9 |  15-0) 


150)  149)  150)  116)  112 


171 

169 

j  170 

81 

1  79 

)  80 

79-2)1  79-2)  79-2)  79-2)  79-2)  79 - 2 )  79-2 


0.17  0.18)  0.14)  0.17)  0.24|  0.21  0.23 


1291  149|  146)  1481 


112  113 


1.30  0.80 |  1.00 


AUTOMOTIVE  PRODUCTS  fc  EMISSIONS  lIKSKAItCII  DIVISION 
DEPT.  OP  PETKOI.KUH  I'lfODUCTS  ItKSKANCII 
ANALYTICAL  IJUKJKATOIt  Y  I1LDC  .  171 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


AL-14966-L 


LO-35235 


07-31-87 


31-18-237-84-3 


237 


TOTAL  ENG  HRS  4  6  4_ 
FUEL 

TEST  HOURS 
FLUSH  OIL 


M-8 5  Tank  *  105 


24 


LO-12119 


FLUSH  OIL  FUEL  Phillips  "J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  8,  16,  20  ,  24  hours _ 


New"  Oil 


SEQUENCE  V-D 


TEST  NUMBER 

31-18-237-84-3 

DATE  COMPLETED 

07-31-87 

CLIENT  OIL  CDUI 

AL-14966-L 

SvRI  OIL  CODE 

L0-35235 

Speed,  rpm 


Load ,  bhp 


Oil  Cooler  into  engine,  * 


Engine  At(Out-In),  4 


Pump  Gallery,  psi 


Engine  Gallery,  psi 


AP  (Pump-Engine),  psi 


! Cyl.  Head  Gallery,  psi 


STAGE  I 


MAX  MIR  AVG 


2500  25 


1751  17 


STAGE  II 


STACE  III 


MAX  MIS  I  AVG  I!  MAX  |  MINI  AVG 


65.2)  64.0  64.7)1  60.5)  60.0  60.2 


59.4  50-7  59-01  56.61  55- 0|  56.0 


B 

5-6 

6- 

Ell 

6.3 

5- 

a 

5.8| 

6. 

59.9)  58.0  59. 4j  57-7)  57-0)  57.4)|  56. o|  54.0)  55.2 


0.0  0.8 


psi  | 

2.0 

■BIB 

2. 

B 

■B 

1.8: 

mm 

| Cooling,  min 


Wateri  Jacket  Outlet,  0 


AT  (Out-In),  4 


Plow,  gpm 


Blovby  Heat  Exch. ,  0 


Marine  Manifold,  4 


Carb.  Temperature,  4 
Air  Humidity,  grains/lb 
Pressure,  in.  H?0 


Blowby  Temperature,  4 


Blowby  Rate,  cfm 


-l'.! -.-II- ~-'H  — ii-L. 


133  134 


15-3  14.9  15.1 


129 


14  12  131  13  11  12 


130)  128 


150  149 


149 

148 

149 

171 

169 

170 

Crankcat 

"s  Pressure,  in.  H?0 

Ignition 

Timing,  *BTDC 

Intake  Manifold  Vacuum,  in.  Hg 

Fuel  Floi 

4,  lb/hr 

Exhaust  1 

Back  Press. ,  in.  H20 

Exhaust 

02,  * 

Gas 

O 

O 

Analysis 

NOx,  ppm 

79-2  79 ■  2 1  79.2 


130  j  128)  129)  149 


0.40 


8.8 


11.7 


0.95 


81)  83 


79-2  79-2  79. 2|  79-2  79.2  79-2 


0.24 

1  0.22 

0.23 

112 

113 

aaE3BE . B 


0.801 

0.20j 

0.40 

46 

461 

46 

8.9 

8.4 

8.6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11.7 

10.0 

10.7 

Kwnwrn 

1.10 

1-  . :  i 

fr--! 

0.65) 

0.19 

6.20 

G7 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


AL-16155-L 


LO-34369 


08-26-87 


31-01-10-85-3 


10 


TOTAL  ENG  HRS  5 
FUEL 


Phillips  "J" 


TEST  HOURS  24_ 
FLUSH  OIL 


LO-12119 


FLUSH  OIL  FUEL  Phillips  "J" 


FLUSH  TIME  5  Hours* 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

-  End  of  candidate  flush  CO"  hour) 


8,  16,  20,  24  hours 


-  "New"  Oil 


‘Includes  2-hour  V-D  break-in  and  coolant  flush. 
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SEQUENCE  V-D 


TEST  NUMBER 


31-01-10-85-3 


AL-16 155-L 


Speed,  rpm 


Load ,  bhp 


Oil  | Cooler  into  engine,  0 


| Engine  &T l Out-In),  • 


(Pump  Gallery,  psi 


i Engine  Gallery,  psi 

l 


I  AP  ( Pump- Engine ) ,  psi 


Cyl.  Head  Gallery,  psi 


!  aP  (Engine-Head),  psi 


I  Cooling,  min 


Water i Jacket  Outlet,  J 


; Flow,  gpm 


Blowby  Heat  Exch.,  ’F 


(Marine  Manifold,  3 


Carb. i Temperature,  1 


Air  [Humidity,  grains/lb 


^Pressure,  in.  H20 


Blowby  Temperature ,  J  F 


Blowby  Rate,  cfm 


Crankcase  Pressure,  in.  H20 


Ignition  Timing,  *BTDC 


Intake  Manifold  Vacuum,  in.  Hg 


Fuel  Flow,  lb/hr 


DATE  COMPLETED 


SwRI  OIL  CODE 


08-27-8? 


L0-34369 


STAGE  I 


MAX 

MIN 

25111 

(  2501 

33-8 

33-2 

176 

173 

2505(1 


33-51 


175 


3 


61.51  58.01 


STAGE  II 


MIR 


2513|  2506 1 


33. 9)  33-3! 


187 j  1861 


31  2 


57.51  56.01 


STAGE  III 


2509l|  756 1  7471  752 


33-6||  1.4)  1.; 


18611  132]  118)  121 


21! 


56.711  58-81  57-01  58.2 


54. 0!  50.01  51 .611  51.01  48.01  49.111  54.01  52.01  53.1 


8-31  6.5! 


51.41  48.01 


2. 


l(  135)  1331 


'I  15|  14) 


I)  15.31  14.8) 


l|  131 1  128) 


150)  147|  1491 


1 1  81)  781  801 


?.6(|  8.1)  6.5 


48.91)  **7.01  45.0 


2.7||  4.0  1  3-0 


ranotil 


134)|  1561  155 1 


15) 


15. 01)  15.2!  14.8) 


130)1  152 1  1501 


15)  13) 


)|  79 - 2 )  79-21  79.211 


!j  0.261  0.22!  0.24| 


1331  130!  132|! 


!!  2.331  2.031  2.15|| 


!  0.031  0.01|  0.02| 


171|  1691 


81 1  791 


79.21  79.21 


0.261  0.201 


152)  150 1 


7-511  5-71  4.5|  5-2 


45.911  52-01  42.01  49.6 


3-51!  3.51  1.21  2.0 


151  121  14 


15611  1221  1181  119) 


1411  15)  9 


1 5 . 1 !  I  *nasw  1  wasa  1  bwsbb* 


15111  1191  1021  113 


1701)  1371  1211  131 


3011  86  1  311  82 


79-211  79-21  79-21  79-2 


0.24(1  0.281  0.231  0.26 


15111  1181  1021  112 


0.02|  0.01|  0.011)  0.091  0.011  0.04 


"  “ 


8.8(  8.21  8 . 6(1  8 .7 1  8.21  8.51!  15-71  15-11  15-5 


Exhaust 

Back  Press. 

in.  Hz0 

!|  11.21 

9.3 

10.311 

O 

-J 

10. oi 

Exhaust 

02,  X 

ij  1.16  i 

0.96 

l.°5(j 

1.10 

0.951 

1.0211  0.52  1  O.43I  0.48) 

Gas 

CO,  X 

!|  0 . 43  j 

0.28 

0 . 36 1) 

0.40 

0-331 

0.3611  4.01  3.2|  3.6) 

Analysis 

NOx,  ppm 

liftman 

DM 

saouan 

1 

— 

- 1 

3  560 1  1  1  awsaai  j 

Southwest  Research  Institute 
Testing  Laboratory 
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WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  NO. 

ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL  FUEL 
FLUSH  TIME 


AL-16155-L 


LO- 35822 


09-15-87 


31-02A-10-85-3 


10 


62 


M-85  Tank  a  105 


24 


LO-12119 


Phillips  ”J" 


3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: _ 

_ -  End  of  candidate  flush  f"0"  hour) 


24  hours 


OPERATIONAL  SUMMARY 


Client  Oil  Code:  AL-16155-L _  Test  Number:  31-02A-10-85-3 

Laboratory  Oil  Code:  LC-35822 _  Date  Completed:  09-16-87 _ 


Maximum 

Minimum 

Averaae 

SDeed,  rpm 

2506 

2497 

2502 

Load ,  bhD 

USHB 

33.2 

33.5 

Cooler  into  E.naine ,  °F 

126 

123 

'  25 

Enaine  AT  (Out-In) , 

18 

13 

15 

Pump  Gallery,  psi 

71.3 

69.0 

69.7 

Oil 

Er.aine  Gallery,  psi 

64.0 

62.0 

62.3 

IP  (Pumc-Ename)  ,  psi 

3  .0 

5.3 

6 . 9 

Cylinder  Head  Gallery,  psi 

60 . 8 

58.0 

59.8 

IP  (E.nair.e-Head)  ,  psi 

4.0 

2.5 

3.0 

Cooli.na,  minutes 

/////////I///////// 

///////// 

Jacket  Outlet,  °F 

116 

113 

115 

LT  (Out-In) ,  °F 

10 

8 

9 

Water 

Flow,  cpm 

15.2 

15.0 

^  5  i 

Blowbv  Heat  Excnanaer ,  “F 

113 

107 

111 

Marine  Manifold,  °F 

93 

86 

QQ 

Carburetor 

Temoerature ,  "F 

82 

80 

31 

Air 

Humidity,  arams/lb 

79.2 

79 .2 

^9.2 

Pressure,  in.  H->0 

0.26 

r\  1 

2.23 

Blowbv  Temperature,  °F 

118 

108 

113 

Blowbv  Rate 

cfn 

2.10 

2  .02 

2  .07 

Crankcase  Pressure,  in.  .-NO 

5.0+ 

1.8 

4.5  + 

Iqnition  Timina ,  °3TDC 

46 

46 

46 

Intake  Manifold  Vacuum,  in.  Ha 

9.3 

9.6 

3.9 

Fuel  Flow,  lbs/hr 

_  1 

Exhaust  Back  Pressure,  in.  :-NO 

10.6 

9.5 

10.7 

Exhaust 

Ot  ,  % 

1.00 

0.52 

->  7  n  i 

Gel  S 

CO,  % 

0.83 

1.69 

i 

:.73 _ 

Analysis 

NOx ,  ppm 

_ 

'  °60 

Southwest  Research  Institute 
Testing  Laboratory 
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WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  MO. 

ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL  FUEL 
FLUSH  TIME 


AL-15427-L 


LO-34461 


09-17-87 


31-03-10-85-3 


10 


89 


M-85  Tank  #  105 


24 


LO- 1 2119 


Phillips  "J" 


3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: 


-  End  of  candidate  flush  ("0"  hour) 


-  8,  16,  20,  24  hours 

-  "New"  Oil 


(2)  Note  test  conditions  are  "steady  state" 


77 


OPERATIONAL  SUMMARY 


1.0-34461 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  MO. 
ENGINE  NO. 


FUEL 

TEST  HOURS 
FLUSH  OIL 


AL-15610-L 

LO-34579 _ 

09-20-87 _ 

31-04-10-85-3 

10 


TOTAL  ENG  HRS  116 


M-85  Tank  -  105 _ 

24 _ 

LO- 1 2119 


FLUSH  OIL  FUEL  Phillips  ”J" 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sanrole; 


-  "Mew"  Oil 


OPERATIONAL  SUMMARY 


Client  Oil  Code:  ^ 

Laboratory  Oil  Code:  LO-34579 


Test  Humber:  31-04-10-85-3 

Date  Completed:  09-21-87 _ 


P  (Pumo-Encrne) 


Cvl-r.cer  Head  Gallerv 


AP  (Enair.e-Head) 


Coolinc 


Jacket  Outlet,  °F _ 

(  CT  (Out-In)  ,  ’7 


Flow,  gpm _ 

Blowbv  Heat  Exchanger,  °F 
Marine  Manifold,  °F 


///////// I ///////// I ///////// 


116 


Ignition  Timina,  0  BTDC 


Intake  Manifold  Vacuum, 


Fuel  Flow,  lbs/hr 


Exhaust  Back  Pressure, 


Exhaust 

Cas 


O')  ,  % 
CO,  % 


Anal vs  is  MOx ,  era 


Southwest  Pesearch  Institute 
Testing  Laboratory 
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WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 
DATE 
TEST  NO. 
ENGINE  NO. 


AL-16155-L 


LO-34369 


09-22-87 


31-05-10-85-3 


10 


TOTAL  ENG  HRS  143 
FUEL 

TEST  HOURS 
FLUSH  OIL 


M-85  Tank  #  105 


24 


LO-12119 


FLUSH  OIL  FUEL  Phillips  "J” 
FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(11  Takp  2  ounce  Oil  Sample: _ 

-  End  of  candidate  flush  ("0"  hour) 

-  8.  16.  20.  24  hours _ 

-  "New"  Oil _ 


(21  Note  test:  conditions  are  "steady  state" 


33 


OPERATIONAL  SUMMARY 


Client  Oil  Code:  AL-16155-L 

Laboratory  Oil  Code:  LO-35822 


Test  Number: _ 31-05-10-85-3 

Date  Completed:  09-23-87 _ 


Soeed  ,  rrm 


Load ,  bho 


Cooler  into  Enair.e  , 


Enaine  AT  (Out-In) ,  * 


Maximum  i  Minimum  I  Average 
2509  I  2500  1  2504 


33.2 


123  I 


18  I  14  I 


88.8  I  70.1 


Er.cme  Gallery, 


IP  (Pumo- 


I  Cylinder  Head  Gallery, 


i  AP  ( Enaine-Head) ,  csi 


'  Coolina,  minutes 


I  ///////// I ///////// 1 /////////  I 


MROPMCY  DATR 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  NO. 
ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 


AL-15427-L 


LO-34461 

09-24-87 


31-06-10-85-3 


10 


170 


M-8 5  Tank  *  105 


24 


LO-12119 


FLUSH  OIL  FUEL  Phillips  "J" 


FLUSH  TIME  3  Hours 


DISCUSSION  _ 

(1)  Take  2  ounce  Oil  Sample: 


-  End  of  candidate  flush  ("0"  hour) 

-  8,  16,  20,  24  hours _ 

-  "New"  Oil 


(2)  Note  test  conditions  are  "steady  state 


OPERATIONAL  SUMMARY 


Client  Oil  Code: _ AL-15427-L _  Test  Number:  31-06-10-85-3 

Laboratory  Oil  Code: _ 10-34461 _  Date  Completed:  09-25-87 _ 


Maximum  I  Minimum  I  Averaae 


Speed,  rtra 

2508 

2500 

2503 

Load ,  bho 

33.8 

33.3 

33.6 

Cooler  into  Engine.  °F 

126 

123 

125 

Ename  IT  (Cut-In)  ,  °? 

13 

10 

11 

Pump  Gallerv,  psi 

68.6 

66.0 

67.5 

Oil 

Enaine  Gallerv,  psi 

61.5 

59.8 

60.6 

IP  ( Pump-Encme )  ,  psi 

9.0 

5.8 

6.9 

Cvlir.der  Head  Gallerv,  csi 

57.7 

56.0 

57.1 

IP  (Encme-Kead)  ,  csi 

4.1 

2.5 

1.5 

Coolinc,  minutes 

///////// 

///////// 

///////// 

Jacket  Cutlet,  °F 

117 

1 14 

115 

IT  (Out-In) ,  T 

12 

7 

9 

Water 

Flow,  com 

15.3 

14.8 

15.0 

Blowbv  Heat  Exchanaer ,  °F 

113 

108 

no 

Marine  Manifold,  °F 

90 

35 

87 

Temperature ,  °7 

81 

78 

79 

Humiditv,  rrains/lb 

79.2 

79.2 

79  # 2 

Pressure,  in.  H->0 

0.24 

0.21 

0.23 

Blowby  Temperature ,  °7 

117 

109 

113 

Blowby  Rate 

cfm 

2.50 

2  .23 

2.34 

3  .00 

0.08 

1.32 

Ignition  Timino,  °3TDC 

46 

46 

46 

Intake  Manifold  Vacuum,  in.  Ha 

9.2 

9.8 

9 .0 

Fuel  Flow,  lbs/hr 

_ 

Exhaust  Back  Pressure,  in.  H-iO 

11.3 

9.0 

7  0  -> 

Exhaust 

0-)  ,  % 

1.14 

1  . 00 

)  .09 

Gds 

CO,  % 

0.46 

0.14 

-  -  -  a 

Analvsis 

NOx,  ppm 

_ _ 

:pqa _ 

Southwest  Research  Institute 
Testing  Laboratory 


URfiPIICY  DATR 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  MO. 

ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL  FUEL 
FLUSH  TIME 


AL-I 56 I 0-L 


LO-34579 


09-29-87 


31-07-10-85-3 


10 


197 


M-8 5  Tank  j  105 


24 


LO-12119 


Phillips  ».T" 
3  Hours _ 


DISCUSSION  _ _ 

(1)  Take  2  ounce  Oil  Sample _ 

_ -  End  of  candidate  flush  ("0"  hour) 

_ -  3.  16,  20,  24  hours _ 

-  "New"  Oil  _ 


(2)  Note  test  conditions  are  "steady  state " 


39 


OPERATIONAL  SUMMARY 

Client  Oil  Code: _ AL-1  5  610 -L _  Test  Number:  31-07-10-85-3 

Laboratory  Oil  Code:  LG-34579 _  Date  Completed:  09-30-87 _ 


Maximum  I 

Minimum 

Aver  a  ere  1 

Speed ,  rpm 

2508 

2493 

2504  ! 

Load ,  bho 

33.8  1 

33.4 

33 .6  1 

[ 

Cooler  into  Enaine ,  °F 

126  1 

124 

125  I 

Enaine  AT  (Out-In) , 

20  ! 

10 

17  1 

Pumo  Gallery,  psi 

71.6  i 

69 .5 

70.9  i 

Gil 

Enaine  Gallerv,  nsi 

64.0  ! 

63.0 

63.6  ! 

IP  (PusiD-Er.ome)  ,  psi 

3 .6  i 

5.5 

.  4  i 

60.4  ! 

53.5 

59.4 

AP  (Engine-Head) ,  psi 

5.5  1 

3.0 

4.2  i 

Coolina,  minutes  1 ///////// I 

///////// i ///////// I 

Jacket  Outlet,  °F 

117  i 

114 

115  i 

AT  (Out-In) ,  °F 

io  ! 

8 

9  ! 

Water 

Flow,  com 

15.3  1 

15  .0 

15.2  ! 

Blowby  Heat  Exchanaer ,  °F 

113  ! 

110 

112  j 

— 

Marine  Manifold,  °F 

1 

9°  ! 

36 

39  ! 

Carbureter 

Air 


Humidity,  arains/lb 


79.2 


79.2 


Pressure,  in.  H-0 


3  .24 


0.18 


Blowby  Temperature,  °F 


117 


111 


Blowby  Rate ,  cfm 


:  .44 


2.34 


Crankcase  Pressure ,  in.  H->0 


1.2 


Ignition  Timing,  °3TDC 


46 


46 


Intake  Manifold  Vacuum,  in.  Ha 


9.0 


3.7 


Fuel  Flow,  Its/hr 


Exhaust  Back  Pressure,  in.  H->0 


11.1 


8.0 


Exhaust 

riS 

Analvsis 


0->  ,  “s 


1.12 


3.94 


ID,  3 


0.40 


■ .  17 


‘IOy  ,  com 


O'J 


'9.2 


3.21 


113 


2.38 


10.3 


1.8 


46 


3.8 


.  .0j  I 


'.28 


3060 


Southwest  Research  Institute 
Testing  Laboratory 
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IIRCIKHCY  DATE 


WEAR  SCREENER  TEST  USING  METHANOL  FUEL 


OIL  CODE 
SwRI  NO. 

DATE 
TEST  NO. 
ENGINE  NO. 
TOTAL  ENG  HRS 
FUEL 

TEST  HOURS 
FLUSH  OIL 
FLUSH  OIL 
FLUSH  TIME 

DISCUSSION 
(1)  Take  2  ounce  Oil 


AL-16155-L _ 

LO-35822 _ 

10-01-87 _ 

31-08-10-85-3 _ 

_10 _ 

224 _ 

M-8  5  Tank  s  105 

_24 _ 

_ LO-12119 

FUEL  Phillips  "J" _ 

3  Hours 


Sairole : 


End  of  candidate  flush  ("0"  hour) 


-8,  16,  20,  24  hours 


-  "New"  Oil 


(2)  Note  test  conditions  are  "steady  state 


OPERATIONAL  SUMMARY 


Client  Oil  Code:  AL— 1615  5  L 

Laboratory  Oil  Code:  lO-35822 


Test  Number: 


31-08-10-85-3 


Date  Completed:  10-02-87 


Maximum  I  Minimum  I  Averaae 


93 


AUTUMOTIVI-:  IMtODIICT 


IRCI'OCY  DATR 


DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE 

DEFENSE  TECHNICAL  INFORMATION  CTR 


CAMERON  STATION  12 

ALEXANDRIA  VA  22314 

DEPT  OF  DEFENSE 
OASD/P&L 

ATTN:  L/EP  (MR  DYCKMAN)  1 

WASHINGTON  DC  20301-S000 

CDR 

DEFENSE  GENERAL  Slipoi  Y  CTR 
ATTN:  DGSC-SSM  1 

ATTN:  DGSC-STC  1 

RICHMOND  VA  23297-3000 

DOD 

ATTN:  DUSDRE  (RAT)  (DR  DIX)  1 


ROOM  3-D- 1 089,  PENTAGON 
WASHINGTON  DC  20301 


DEPARTMENT  OF  THE  ARMY 

CDR 

US  ARMY  BELVOIR  RESEARCH, 

DEVELOPMENT  £  ENGINEERING  CTR 


ATTN:  STRBE-VF  10 

STRBE-BT  2 

FORT  BELVOIR  VA  22060-3606 

HQ,  DEPT  OF  ARMY 

ATTN:  DALO-TSE  1 

DALO-TSZ-B  (MR  KOWALCZYK)  1 
DALO-PLA  (DR  WILTSHIRE)  1 

SARD-TR  (MS  VANNUCCI)  1 

WASHINGTON  DC  20310-0561 

CDR 

US  ARMY  MATERIEL  COMMAND 
ATTN:  AMCDE-SS  1 

AMCSM-SP  1 

AMCDE-WH  1 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 


PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN:  AMCPM-MEP-TM 

(COL  BRAMLETTE)  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 


CDR 

US  ARMY  TANK-AUTOMOTIVE  COMMAND 


ATTN:  AMSTA-RG  1 

AMSTA-TSL  (MR  BURG)  1 

AMSTA-MTC  (MR  GAGLIO)  1 

AMSTA-RGP  (MR  RAGGIO)  1 

AMSTA-MLF  (MR  KELLER)  1 

AMSTA-MC  1 

AMSTA-MV  1 

AMSTA-Z  (MR  FARKUS)  1 

WARREN  MI  48397-5000 


CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-F  (MR  ASHBROOK)  1 

STRGP-FE,  BLDG  85-3  1 

STRGP-FT  (MR  ROBERTS)  1 

NEW  CUMBERLAND  PA  1 7070-5008 

CDR,  US  ARMY  TROOP  SUPPORT 
COMMAND 

ATTN:  AMSTR-E  (MR  CHRISTENSEN)  1 

4300  GOODFELLOW  3LVD 
ST  LOUIS  MO  63120-1798 

CDR 

US  ARMY  LABORATORY  COMMAND 
ATTN:  AMSLC-TP-PB  (MR  GAUL)  1 

ADELPHI  MD  20783-1145 


CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MT-TL-M 

(MR  DOEBBLER)  1 

YUMA  AZ  85364-9130 

CDR 

US  ARMY  RESEARCH  OFFICE 

ATTN:  SLCRO-EG  (DR  MANN)  1 

P  O  BOX  12211 

RSCH  TRIANGLE  PARK  NC  27709-221  1 
CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STRGP-PW  1 

BLDG  247,  DEFENSE  DEPOT  TRACY 
TRACY  CA  95376-5051 

CDR 

AMC  MATERIEL  READINESS  SUPPORT 
ACTIVITY  (MRSA) 

ATTN:  AMXMD-MO  (MR  BROWN)  1 

LEXINGTON  KY  4051  1-5101 
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CDR 

US  ARMY  ORDNANCE  CENTER  3c 
SCHOOL 

ATTN:  ATSL-CD-CS 

ABERDEEN  PROVING  GROUND  MD 

21005-5006 

CDR 

US  ARMY  ENGINEER  SCHOOL 
ATTN:  ATSE-CD 

FORT  LEONARD  WOOD  MO  65473 -5000 
CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CDM 

ATSM-LL  FSD 
FORT  LEE  VA  23301 

PROJECT  MANAGER 
PETROLEUM  &  WATER  LOGISTICS 
ATTN:  AMCPM-P  WL 
4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120-1798 

CDR 

US  ARMY  LOGISTICS  CTR 
ATTN:  ATCL-CD 
ATCL-MS 

FORT  LEE  VA  23801-6000 
HQ 

US  ARMY  TRAINING  3c  DOCTRINE  CMD 

ATTN:  ATCD-SL 

FORT  MONROE  VA  23651-5 000 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATSP-CD-MS 
FORT  EUSTIS  VA  23604 -5000 


DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  THE  CHIEF  OF  NAVAL 
RESEARCH 

ATTN:  OCNR-126  (DR  ROBERTS) 
ARLINGTON  VA  22217-5000 


DEPARTMENT  OF  THE  AIR  FORCE 

HQ  AIR  FORCE  SYSTEMS  COMMAND 
ATTN:  AFSC/DLF  (DR  DUES) 
ANDREWS  AFB  MD  20334 

CDR 

US  AIR  FORCE  WRIGHT  AERO  LAB 
ATTN:  AF WAL/POSL  (MR  JONES) 
WRIGHT-PATTERSON  AFB  OH 
45433-6563 

CDR 

SAN  ANTONIO  AIR  LOGISTICS  CTR 
ATTN:  SAALC/SFT  (MR  MAKRIS) 
KELLY  AIR  FORCE  BASE  TX  78241 


OTHER  GOVERNMENT  AGENCIES 

NATIONAL  AERONAUTICS  AND  SPACE 
ADMINISTRATION 
LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

US  DEPARTMENT  OF  ENERGY 
MAIL  CODE  CE-151 
FORRESTAL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 
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